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FLA VA M PLATEN assures positive 
hold down of roll or sheet paper up to 12%” 
width. Plot area, standard 10x15”. 
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Multiple symbol 





PRINTING FEA 


printing head—12 symbols...self contained 
ink supply. 

Pen System—capillary action; splatter-proof 
Point joiner available. 


= YY engineered for ease of operation...new 


N IGEABLE M add ver- 

Satility...interchange with basic control 

section * 
ew 


point plotting or continuous trace 


Slimmer, flatter, push-button fast... Librascope’s 
newest, most advanced plotter is the result of per- 
sonally-conducted field research by Librascope 
engineers. Compact design permits rack 
mounting in groups, saves desk space. 
Many new conveniences have been added 

to answer your needs. 


OPERATING INFORMATION 


INPUT SENSITIVITY: .5 millivolts per inch 
to 50 volts per inch with i. 

: 4 ~ button scales at .5, .1, 5, 10 an milli- 
— SO cycle volts per inch and.1, .5, 1,5 and 10 volts per 
inch. Vernier controls permit continuous sen- 
INPUT: X and Y inputs sitivity adjustment between fixed scales, per- 

sees _— each other and mitting full scale plotting for any sensitivity. 
guns eamannee. ACCURACY: Static .1%, dynamic .2% at 10” 
, per second. 
ee te cae PLOTTER CALIBRATION ACCURACY: 
volt on .5 millivolts per inch 05% on all scales. 
to .1 volts per inch scales. SLEWING SPEED: 20” per second. 





For full details — dimensions, applications, list of accessory equipment, call our Sales 
Engineering Department or send for illustrated brochure on Model 210, XY Plotter. 


For information on career opportunities at Librascope, write Glen Seltzer, Employment Manager. 


LIBRASCOPE division GENERAL PRECISION, INC. 808 Western Ave., Glendale, California 
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Here are America’s first six CE-Sulzer once-through 
boilers: All have LEN Direct-Energy Balance Control. 


Operating 
ressure Capa- 


Company Station (psig) cilatly 
Dayton Power & Light Co Tait 4 2400 150 MW 


Metropolitan Edison Co 


Portland 1 2400 165 MW 


Dayton Power & Light Co. Tait 5 2400 150 MW 


Philadelphia Electric Co. 


Eddystone 1 5000 325 MW 


Cleveland Electric Illuminating Co. Avon 8 3500 250 MW 


Philadeiphia Electric Co. 


Eddystone 2 3500 325 MW 


New L&N Direct-Energy Balance Control 
Coordinates Once-Through Boiler and Turbine 


Philadelphia Electric Company’s Eddystone Unit No. 1, 
the world’s highest pressure and temperature (5000 
psi and 1200°F) steam generator, employs the larg- 
est CE-Sulzer, once-through boiler ever built. 

A new type of combustion control, Direct-Energy 
Balance, coordinates boiler-turbine operation by con- 
sidering them as an integral unit. From combined 
steam pressure and generator intelligence, D.E.B. con- 
trols regulation of both fuel input and turbine gov- 
ernor valves. Excess air is “trimmed” automatically 
by flue gas oxygen analyzing equipment. 

In the picture above, an operator at Eddystone is 
using the D.E.B. Control to set directly the desired 
rate of generation change. When he calls for a change 
in load, the control responds quickly, at the pre-set 
rate of change. Operation of the unit is integrated 


because (1) boiler-turbine output is changed in a pre- 
determined, orderly manner, and (2) output is kept 
within the capabilities of the equipment in service. 

In designing the Direct-Energy Balance method, 
L&N engineers sought a basic improvement over con- 
ventional combustion controls. Based on 30 years’ 
experience in power plant measurements and controls, 
this new method was developed, subjected to simula- 
tion studies, and extensively field-tested. Direct- 
Energy Balance Control has also been selected for 
Unit 2 at Eddystone, a supercritical unit of 3500 psi. 
For. information on this new concept in combustion 
control, call your nearby Field Office, or write for 
Reprint 463(8) to 4918 Stenton Avenue, Philadelphia 
44, Pa. 


Direct-Energy Balance Control ... engineered to power plant standards by LEEDS NORTHRUP 
Instruments 


MAY 1960 


Automatic Controls « Furnaces 
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For information about engineering oppor- 
tunities at Epsco's progressive western 
dwvision, contact H. Schwartz, Technical 
Placement Director. 
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. Epsco-West Systems Help Checkout 


Atlas Missile 


Recently Epsco-West put its solid state know- 
how to work on four identical systems which 
simultaneously time and monitor the operation 
of 50 microswitches for operational checkout of 
the Atlas missile at Vandenburg Air Force Base. 


If any of these switches happen to be in a “no 
go” instead of a “go” condition at the end of a 
switching sequence, a printer prints out the code 
number of the faulty circuit. 


Epsco-West used solid state circuit elements 
throughout. Each system contains 250 transis- 
torized plug-in circuit cards. Eight of the 12 
logic circuits, comprising 90 percent of the 
system, are standard, off-the-shelf components. 
Like all Epsco-West systems, those delivered to 
Convair Division of General Dynamics feature: 


* Reliability %* Compactness 
* Low Power Dissipation * Low Maintenance 


HOW /T WORKS 


Switches are timed by counting 400 cps from a 
standard power supply on binary coded decimal 
counters. This establishes a real-time reference 
for simulating correct switch operation. Contin- 
uous comparison of the internally stored pro- 
gram to actual switch operation determines the 
“go” or “no go” condition. 


To make this comparison, individual sensing cir- 
cuits for each switch determine both the normal 
and the undesirable switch actuations. If a “no 
go” condition should exist at the end of the 
switching sequence (ranging from a few tenths 
of a second to approximately 3 minutes), a re- 
mote comparator and control unit identifies the 
circuit involved. A printer then prints the code 
number of the faulty switch circuit. 


We would be happy to show you how Epsco-West can produce data control 
systems faster and with far fewer components. Call your nearby repre- 
sentative, or write for the free new Epsco brochure, “First in Data Control.” 


€psco-West NN | 
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240 E. PALAIS ROAD 
ANAHEIM, CALIFORNIA 
PRospect 2-1000 


CONTROL 





ENGINEERING 


Control us 
ENGINEERING 


Published for engineers and technical management men who are responsible for 
the design, application, and test of instrumentation and automatic control systems 


101 The Versatile Transistor NOR Circuit 
A. N. DeSAUTELS of Maico Electronics considers the transistor NOR, a single module 
that is capable of performing all of the logic switching functions in a control system. 


105 How to Compute Load Constants from Response Curve Data 
B. B. BELLIT of Lockheed Aircraft uses graphicak technique to determine the load dyn- 
amics of a space vehicle inertia simulator, necessary for study of the control system. 


107 Six Transducers for Precision Position Measurement 
J]. O. MORIN of Concord Control describes six high precision transducers, some of 
which are potentially capable of making measurements to a part in a quarter million. 


113. Techniques and Apparatus for Determining Analyzer Dynamics 
R. L. GRANTOM of Lion Oil Co. et al, in this first of two articles, tell why dynamic 
lags in stream analyzers can cause system errors and how to obtain analyzer dynamics. 


118 Static Switches Run a Sugar Warehouse 
G. GIACOMELLI and E. BULLOCK of General Electric apply selective point shift 
registers to statically control a conveyor that sorts sugar bags one every two seconds. 


123 Data File 37—Guide to Display of Information 
G. A. PETERS of Santa Monica, Calif., guides control engineers in selecting method of 
presentation that yields optimum performance from human component of the system. 


125 Optimum Response Relay Servos—Part I 
]. B. LEWIS of Purdue University starts a three-part series that will review all of the 
important design techniques that have been used to optimize relay servo response. 


132 Manufacturing Control with a 705 
]. M. CHERBA of A. O. Smith details several specific flow charts that enable him to 
use an IBM 705 computer for up-to-the-minute control of automotive parts production. 


139 The Gyroscopic Mass Flowmeter 
M. M. DECKER of The Decker Corp. exploits old principle—that of the gyroscope—in 
a flowmeter that will measure the mass flow of nearly anything passed through it. 


Switching Networks Program Tube Tester 
P. E. HADDON of IBM checks sample lots from a production run and presents the per- 
formance record for each tube in the form of punched cards and a typewritten tabulation. 





Binary Pneumatic Cylinders Position Printer Head 
R. M. ROSE of Potter Instrument positions with unique set of binary coded cylinders. 


Colorimeter Prevents Mixing of Transformer Insulating Liquids 
]. P. KINNEY and J]. W. BURNETT of GE automatically detect contaminated liquids. 


Simple Logic Logs Lab Measurements 
Jniv. o 


]. VIDAL of Liege gets complete data printout for nearby computer center. 


Digital Servo for Numerical Control Uses Unique Quantizer 
Electromagnetic transducer generates pulse for every 0.0002 in. motion on machine tool. 


Pop-Up Models Program Ingot Soaking 
L. N. BRAMLEY of BISRA sets soaking time, waits for plastic analog to pop up. 


Continued on next page * 





What’s New in the Control Field 

Newsbreaks in Control 

Numerical control branches out; teaching machine boom; Soviets boost program control. 
Langley’s Tunnels Play Second Fiddle to the Space Age 

Air bearing simulator is typical of new control activity at this NASA research center. 
A User Reports: Rapid Return from Tape Control 


Sperry’s Air Arm Div. reports an astounding payoff for numerical machine tool control. 


Fluid Computing Elements Open New Doors in Control 


You can add, subtract, multiply, and perform logic with these unusual fluid amplifiers. 


G-P Computer Designed as a System Component 
New computer has unusual features that make it adaptable as a true systems component. 


Smashing Britain’s Information Bottleneck 
Top consultant blames poor information flow for slow progress in controls in England. 


Putting Customer Satisfaction Where It Belongs 


Custom built electronic gear is being designed by the application engineers at Adage. 





Control Personality-HAROLD K. CHENEY 


From barnstorming at the age of 15 he became one of the first flight test specialists. 


Industry’s Pulse—That Amazing Semiconductor Business 

Doubling of sales in three years, new products galore are part of semiconductor story. 
Editorial—An Experiment in Ethics 

Policing may be way to get technical meetings back in step with their basic purposes. 
New Product Developments 


Magnetic encoder boosts input speed and life expectancy; photovoltaic silicon sensors. 


Abstracts of Technical Papers 


Special slide rule computes balanced charges for better control of basic oxygen furnace. 
6 Shop Talk 186 Bulletins & Catalogs 204 Meetings Ahead 
10 Feedback 200 New Books 208 Reprints 
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CLAREED Sealed Contact Reed 
relays put you...the designer... 
in the driver's seat. They are simple 


REQUIREMENTS in design, exits in assembly. They 
are packaged and mounted to com- 

- eS © ~ 4, ply with your mechanical design con- 
Why beet figuration . . . even On your own Cir- 

' ; View cuit board. CLAREED relays are ideal 

3 z ik, components for transistor-drive ap 
.- | E | plications, computers, data-process- 
: : : Taye mr-tare me) dal-tamellelsm-yel-i-10M-lelell lanl clan @ 

: : E : Contacts are hermetically sealed in 
: . i = i ; inert gas. Tens of millions of opera- 
Ay dy) Nt ‘i ACTUAL SIZE tions are assured since contact con- 





A me tk we at I pepe pe 


ll - relays, each contain- 


Basic element of 
CLAREED relays is 
this switch capsule. 
A pair of magneti- 


tamination is. completely precluded. 
Hundreds of millions of operations 
are possible when operated up to ' 
rated load. 


e cally operated con- 

ing two switches, are mounted al tacts is hermetically 
on a printed circuit board. ih hi sealed in an atmos- If you use relays, it will pay you to know 
This assembly may be in- a phere of inert gas all about CLAREED...an entirely new 
serted wesc hie bah equip- fei The capsule com- concept in relay design. Address C. P 
a in a flat pack i bines extreme sim- Clare & Co., 3101 Pratt Bivd., Chic ah 45 
fiabiiity andve a Illinois. In Canada: C. P. Clare Canada 

ong 


These six switches 
are clustered to 
form the core of a 





life. It has excellent 
low-level charac- 
teristics. 


Limited, Box 134, Downsview, Ontario 
Cable Address: CLARELAY. Send for 
Bulletin CPC-5. 





single electromag- % 
netic coil, and en- } ) 
cased ina cylindri- 
cal steel container = 
| i] When only the best is good enough 








NEW DIFILM® 
VITAMIN Q° 
CAPACITORS 


operate at +125 C 
without derating ... 
Save space and weight 


Surpassing MIL-C-25A Type CP-70 re- 
quirements for performance, reliability, 
size, and temperature range without 
voltage derating, Sprague Type 272P 
DIFILM Vitamin Q® Capacitors are 
made to withstand the most severe 
operating conditions encountered in 
military and industrial electronic 
equipment. 

The new dual dielectric used in 
these capacitors consists of both 
synthetic polyester film and the 
highest grade capacitor tissue...a 
combination which offers the best 
properties of both materials! The 
impregnant is Vitamin Q, a syn- 
thetic polymer which has been used 
exclusively by Sprague with out- 
standing success in paper capacitors 
for many years. 

Seamless drawn rectangular capac- 
itor cases provide virtually leak- 
proof containers with increased re- 
liability over MiL-type units using 
fabricated cases. 

Especially important to designers 
of electronic equipment is the saving 
in physical size and weight over 
conventional oil-paper capacitors. 
There is no need to use larger, 
bulkier, higher voltage capacitors 
because of the need to derate above 
40 C. And there is no +85 C limita- 
tion to upper operating temperature 
so that ventilating and cooling 
devices for equipment enclosures 
often may be eliminated. 

For complete engineering data on 
Drawn-Rectangular Case DIFILM 
Vitamin Q Capacitors, write for 
Bulletin 2340 to Technical Literature 
Section, Sprague Electric Company, 
407 Marshall St., North Adams, Mass. 


SPRAGUE 


THE MARK OF RELIABILITY 
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SHOPTALK 


Optimum response from control teacher 
Some time ago we decided that CtE 
had better bring its readers up to date 
on the various techniques that have 
been proposed for optimizing the re- 
sponse of relay servos. Searching for a 
top-notch author led us to John B. 
Lewis of the Electrical Engineering 
Dept. at Purdue University. As you can 
see from the first of his three-article 
series, “Optimum Response Relay 
Servos”, p. 125, he responded in optimum fashion. 

John has been doing research or teaching in the control 
field since he received his MS from the University of 
Tennessee in 1951. With a basic interest in nonlinear control 
(the subject of his master’s thesis), he has worked on wind 
tunnel controls at Tullahoma. Tenn., digital computer simu- 
lation of the SAGE system at MIT’s Lincoln Lab, and the 
analysis of inertial navigation and guidance systems at GE. 
Instructor Lewis is now teaching and working for his PhD. 


Vannah practices what he preaches 


Chief Editor Bill Vannah is usually trying to get industrial 
publicity men to do a better job of dispensing information 
about their company’s control activities. But as publicity 
chairman of the Joint Automatic Control Conference, Bill 
finds the shoe on the other foot. With the responsibility of 
attracting the best attendance possible to this meeting spon- 
sored by ISA and the control groups of AIEE, ASME, IRE, 
and AIChE, Chairman 
Vannah got started by 
having CtE’s art direc- 
tor Jack Gordon design 
the accompanying sym- 
bol and then proceeded 
to have it spread far and 
wide. NEMA is run- 
ning it on their postage 
meter, other trade or- 
ganizations are stick- 
ing them to their mail. And, oh yes, don’t forget to come 
yourself. It will be well worth your while. 


JOINT! 4 

AUTOMATIC e” 

CONTROL y% 
CONFERENCE 








Frontiers of Coniro! 


Cambridge, Mass, September 6-9. 1760 


Coming next month 


Here’s a quick rundown on some of the choice items that 
will be published in the June issue of ContROL ENGINEERING: 
up-to-date application information on acceleration switching 
servos, the beginning of a series surveying European process 
control systems, how to reduce the number of diodes in 
encoding and decoding matrices, dc motor speed control 
methods, how to heat analyzer sample lines, and many more. 


CONTROL ENGINEERING 





Questions and Answers on the EDISON 
OMNIGUARD SYSTEM 


The Most Effective Means of Measuring and Safeguarding Temperatures and Pressures 







































































Q. How does the Omniguard System work? 

A. Edison’s Omniguard is characteristically simple and. 
unique in its operation. Each Omniguard channel is a 
conventional D-C Wheatstone bridge circuit in which an 
Edison temperature or pressure detector forms the var- 
iable leg of the bridge. As the temperature or pressure 
rises and falls, the detector resistarice increases or de- 
creases. An Edison relay (K1) across the bridge senses 
the current flowing through it. When conditions are 
normal the current flows in the direction to hold the 
relay contacts open. When a variation occurs, however, 
current flow reverses and the contacts of this alarm relay 
close. Relay K1 energizes the coil of auxiliary relay K2 
which actuates an alarm light on the panel face to show 
which detector is “off-normal,” actuates an external alarm 
or annunciator and maintains the alarm indefinitely 
until conditions have returned to normal and the nor- 
mally closed reset switch is opened. 
Any temperature or pressure can be read at any time 
by pressing the indicator read switch for that point. 


Q. Is Omniguard dependable? 


A. Reliability is built in. Since each measuring channel is 
an independent, separate circuit, complete system failure 
is unlikely. Only the most reliable components are used. 
Edison resistance temperature detectors don’t “drift” 
over years of service. There are no scanning mechanisms 
to wear out...no delicate components ...no electronic 
circuits ...no amplifiers ...no periodic maintenance 
requirements. 





. Is Omniguard flexible? 


. Completely. A system can monitor as few as 4 or as 
many as hundreds of variables. Buy only what you need. 
Since channels are independent of one another, each can 
be set to alarm at a different temperature or pressure. 
Alarm settings can be changed easily and quickly. 
Omniguard can be used for alarm or shut down of 
equipment, alarm can be local and remote, is easy to 
telemeter to remote control station. 


. Is Installation economical? 

- Omniguard is the simplest system available. Fewer parts 
mean lower costs, less maintenance. Plug-in monitors 
are installed in minutes with no special tools or calibra- 
tion. Ordinary copper wire connects remote detectors to 
monitors. Monitor units act as their own annunciators, 
identify each temperature and pressure, eliminating the 
need for extra equipment in most installations. 
Omniguard is a complete system with all parts including 
hardware supplied by Edison. 


. How accurate are Edison’s Resistance Temperature 
Detectors? 

. In the range from —200°F to +1350°F, no other type 
of detector is as stable, sensitive, and accurate over years 
of service. Response times of 0.8 seconds are common — 
detectors are repeatable to .05% over years of use, resist- 
ance being directly proportional to temperature. 
Resistance Pressure Detectors are accurate to 1% or 
better depending on pressure range. 


For complete information on the Edison Omniguard 
System, industry’s simplest, most reliable means of 
continuously monitoring critical temperatures and 
pressures, write for Bulletin 3036C. 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 
38 LAKESIDE AVENUE, WEST ORANGE, N. J. 


MAY 
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Cem ixe-20 


the new data processing system with 
the ORGANIZATION CHART concept 


“Organization Chart” design in the Bendix G-20 means far faster, more efficient proc- 


essing of scientific and business problems. The reason is clear: 


The electronic manager of every data processing system is a computer. But most are: 


poor “bosses” because they cannot delegate authority, or even supervise more than 
one operation at a time. Many computers run operations as complex as your own busi- 
ness, but with an inefficiency that you would never tolerate. Bendix engineers saw this 
shortcoming, and turned for a solution to the organization chart common to any well- 
managed business. 

The G-20 Central Processor, or computer, has a staff of well-taught subordinates that 
can take instructions from the “boss” and go to work on their own, directing the workers 
that perform such tasks as reading punched paper tape and cards, looking up data on 
magnetic tape, and printing results. The “boss” can direct numerous subordinates, and 
without human intervention, schedule the work for each, making sure the most impor- 
tant work is done first. While the subordinates handle the details, the Central Processor 
is free to do the all-important computing. 

This “organization chart” delegation of authority means several operations may be 
performed simultaneously, and with a minimum of equipment. The results? Call it 
“low cost per operation”, or “just plain efficiency”, but it is all the same... the Bendix 
G-20 gives you more performance per dollar than any other data processing system. 
The actual performance specifications listed at the right show the tremendous speed 
and power of the G-20. Components and design are the most modern in the industry 
today. System sizes can vary from a medium-scale system to a very large system with 


remote on-line or off-line sub-systems. Write for complete descriptive literature. 


BENDIX AVIATION CORP, COMPUTER DIVISION Dept.W25 Los Angeles 45, California 


SPECIFICATIONS: 

MEMORY: Core, to 32,768 words 
in 4096 word modules. 
EXECUTE +: 7 us. avg., fixed 
point, one-word precision. 13 
ps. avg., floating point, one- 
word precision. 

EXECUTE X: 49 us. avg., fixed 
point, one-word precision. 49 
us. avg., floating point, one- 
word precision. 

ARITHMETIC: Built-in floating 
pt., 12 dec. digit precision. 
CIRCUITRY: Solid-state; paral- 
lel; 2.5 kva. 

PROGRAMMING: Symbolic as- 
sembler or algebraic compiler. 
INPUT/OUTPUT: 165,000 char./ 
second max., asynchronous. 
MAGNETIC TAPE: 120,000 deci- 
mal digit/second read-write. 
LINE PRINTERS: 600 lines 
per minute. 

PUNCHED TAPE: 500 or more 
character/second readers. 100 
or more character/second 
punches. 

PUNCHED CARDS: Standard 
high-speed 80 colum” units. 
CONTROL BUFFERS: 1024 char- 
acter memory for data and 
commands, Controls transmis- 
sion on-line or off-line. 























MEASURING 
FORGE? sow youcan 


assemble complete digital systems 
using only standard components. 
All equipment is matched output- 
to-input to save engineering time 
and the cost of specially-tailored 
hardware. The simple system be- 
low may be expanded ten-fold in 
complexity. 


ASSEMBLED BUILDING BLOCKS 
MAKE A DIGITAL SYSTEM... 


2 wires 


Wiancko 
force 
pick-up 


~ 
Gen, 
~~ 





Wiancko 

analog-to- 
frequency 
converter 


coax cable 


, 
[=] 


40 wire cable 


| j 
= 


Building blocks for measuring tempera- 
ture, pressure, flow and rpm are equally 
available. 


Beckman 
EPUT® Meter 
indicates in 
pounds 





Beckman 
speed printer 
records 
readings 





Write for free 
16-page survey of 
illustrative systems 











Beckman’ Berkeley 


Division 
Richmond 8, 
California 


@ 
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FEEDBACK 


OPTICAL VS MAGNETIC READING: 


Two expert comments here and another noted 
elsewhere add more wood to the fire. 


Some heat on magnetic reading 


To THE Epiror— 

The January issue of CtE (pages 48- 
53) contained an article entitled “Op- 
tical Versus Magnetic Reading” wnit- 
ten by Lewis H. Young. I am not 
going to extol the virtues of magnetic 
reading, nor am I| going to attempt to 
point out the faults of optical reading. 
I do, however, feel that there are sev- 
eral statements on page 50 which 
tend to be misleading. 

First let us take the statement that 
many commercial printers cannot 
meet the requirements for accuracy in 
magnetic printing. Working at our 
computer laboratory in Palo Alto for 
the past two years, I had the oppor- 
tunity to observe first hand the abil- 
ity of printers to meet the ABA speci- 
fications. In all but a few instances 
commercial printers have been able 
to meet the requirements after a brief 
education and training period. It 
should also be realized that the ma- 
chine manufacturers are constantly im- 
proving their equipment in order to 
expand printing specifications. The 
most recent enlargements of the ABA 
(American Banking Association) took 
place a few months ago and are now 
available in ABA Publication #149. 

The second thing is the statement 
that oxide content of printing must 
be held to 5 percent. Mr. Young 
might be referring to cither of two 
things, the signal level of the printing 
or the oxide content of the ink. Ac- 
tually there is no ABA specification 
covering the oxide content of printing 
itself. ‘There is, of course, a direct re- 
lationship between oxide content and 
signal level. If this is what Mr. Young 
is referring to, it should be made clear 
that the ABA specifications allow from 
50% to 200% of the signal level pro- 
duced by a standard document. 

If, however, he was referring to the 
oxide content of the ink itself, this is 
very closely controlled by the manu- 
facturer. Normal ink manufacturing 
practices provide better than 5% con- 
trol of the chemical contents whether 
the ink is magnetic or standard. 

Another statement mentions trou- 
ble in holding tolerances of a few 
thousandths of an inch. It is quite 
true that there are close tolerances on 
line width, spacing, extraneous ink, 
etc. It must, however, be kept in mind 
that these specifications were not de- 
cided on by the machine manufactur- 


ers alone. They were formulated by a 
joint effort of the equipment manu- 
facturers and a group of experienced 
commercial printers. It is the feeling 
of these printers that the specifications 
are consistent with good commercial 
printing practices. 

To say that there is no need for 
specifications when printing with mag- 
netic ink would be wishful thinking. 
We have realized the necessity for pro- 
viding assistance to banks and printers 
who are becoming involved in printing 
electronically read documents. We 
now have a Magnetic Ink Printing 
Evaluation Center in operation spe- 
cifically for this purpose. This is the 
same center which has been assigned 
by the Bank Management Commis- 
sion, American Banking Association 
the responsibility of supplying stand- 
ard printing samples to the entire in- 
dustry. We would welcome the op- 
portunity to supply information and 
assistance to anyone interested in 
Magnetic Ink Printing. 

John E. Pawlitz 
GE Computer Dept. 
Deer Valley Park, Phoenix, Ariz. 


We'll give “equal time on the air’, 
but no commercials, please. It’s en- 
couraging to know that machine man- 
ufacturers and commercial printers 
have agreed on specifications, but ap- 
parently dimensional tolerances are 
still a difficulty. As authority for this 
statement of difficulty we cite “An 
Interim Report on Optical Character 
Recognition”, presented by H. F. 
Sherwood, manager of retail data proc- 
essing, Touche, Ross, Bailey and 
Smart and chairman of the Optical 
Scanning Standards Subcommittee of 
the Retail Research Institute before 
the RRI, Feb. 11, 1960. 

Great progress has been made, but 
for justification of our stand that this 
is only the beginning, we note the 
following expert opinion that input 
preparation still lags. If it does, then 
Mr. Young’s evaluation of optical vs 
magnetic reading was well worth the 
four columns it occupied in the Janu- 
ary issue. Ed. 


Input preparation lags. 


To tHe Eprror— 

Regarding “Optical Versus Mag- 
netic Reading,” p. 48, Jan. 1960 issue, 
those of us who have witnessed an 
astounding five generations of business 
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“fp Designs Assembly Savings lito 
Critical Mintature/Instrument Ball Bearings / 


Helping customers simplify instrument assembly is a 
specialty of the N/D engineering group. How? Through 
creative Miniature/Instrument ball bearing application 
and design. Often, a new ball bearing design will pro- 
duce assembly savings in excess of its additional costs. 
Integral ball bearings, too, very often cut down difficult 
and costly hand assembly of shaft and parts. 


A timely example of N/D customer assembly savings 
can be seen in Nike Ajax and Hercules missile ground 
support. Here, special N/D Instrument ball bearings are 
now used in precision potentiometers. New Departure 
engineers recommended eliminating two single row 
instrument bearings, mounted in duplex and requiring 
precision spacer and separate guide roller. They 


MmJIE= vv & 


MINIATURE ©& i 


replaced this assembly with a specia/ N/D double row 
high precision instrument ball bearing with integral 
outer race guide roller . . . and shaft mounted with a 
nut. This one recommendation produced cost savings 
of over 400%]! In turn, the customer was able to reduce 
the potentiometer selling price to the government. 
What's more, the New Departure Instrument Ball Bear- 
ings improved potentiometer reliability | 


You can look to minimum assembly costs and unsur- 
passed reliability. Include an N/D Miniature/Instrument 
Bearing Specialist in your early design level discussions. 
For immediate information or assistance, call or write 
Department L.S., New Departure Division, General 
Motors Corporation, Bristol, Connecticut. 
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UMENT BALL BEARINGS 


‘Proved reliability you can build around 
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HIGH PRESSURE INSTRUMENTS 
FOR EVERY APPLICATION 


MODEL 2-38 


Standard ‘‘off-the-shelf'’ 
ranges. 


A rugged instrument 
designed for applications 
where system tolerances 
allow cost-saving 
transducers. 


Accuracies: 1 2% to3%. 


Ranges: 0-150 psia. 
0-150 to 
0- 2,500 psig. 


MODEL 2-8-6 


Built for extreme missile- 
type environments. 


invulnerable to Shock up 
to 40 G's. 


Ambient Operating 
Temperature Range: 
~65"F to +300°F 


Overpressure: To 100% 
without shift in 
calibration or reading. 
Ranges: 0-100 to 
0-5,000 psi. 


MODEL 2-28 


An Economical, High Quality 
Laboratory Standard. 
Overall Accuracies: 

To Yo of 1 Yo e 

Versatile: One Unit can be 
used for Gage, Differ- 
ential and Absolute. 
Designed for Wind Tunnel 
Instrumentation, Jet 

Engine Test Stands 

and Laboratories. 


Ranges: 0-5,000 psi. 


Edcliff Instruments has a production model trans- 
ducer for every high pressure application. Write 
today for your free application data catalog. 


Edlclif f 


1711 South Mountain Avenue’ 
\Wikelalmeh at- Oam @r-likiol walt: | 
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FEEDBACK 


and scientific computers in almost as 
many years can’t help being only 
slightly enthusiastic about the barest 
of advances in input preparation. Fur 
thermore, there are enough indications 
that near-future lines of automatic in 
put equipment can be properly utilized 
by only a very small segment of indus- 
try, e.g., perhaps 5 percent of the 
banks, for magnetic ink check reading, 
and comparable percentages in other 
industries utilizing either magnetic or 
optical scanners. 

While there are many engineering 
problems involved in properly design- 
ing and building reliable character 
reading devices, the combination of 
high hardware costs, nonmodularity, 
insufficient or borderline volumes, and 
low operating efficiencies resulting 
from poor print and document quality, 
etc.—to cite just a few of the factors 
needy of consideration—makes even 
the “quality” engineered device of 
questionable commercial value. In or- 
der to reduce the per-unit cost of 
automatic document preparation, a 
number of code reading techniques 
have been recently suggested. The ad- 
vantages that might be realized in 
some cases must be balanced by the 
need for dual reading areas that are 
commonly introduced. 

The small fraternity of potential 
character reading equipment users may 
claim that they process the greatet 
preponderance of paper, and thus 
mechanization of their operations will 
cut widely into rising operating costs 
Nevertheless, it is evident that the in- 
put problem will continue to exist 
until a time when a more widely 
applicable and feasible solution can be 
evolved and demonstrated. 

Jordan D. Kassan 
Consulting Engineer 
Poughkeepsie, N. Y. 


Info, please—glass rod memory 


In answer to a telephone request 
for more information on the National 
Cash Register Co. glass rod memory 
(pages 38 and 40, Oct. 1959), our Los 
Angeles news editor, Michael Murphy, 
has reported that readers should con- 
tact L. J. Hines, marketing manager, 
NCR, 1401 E. El Segundo Blvd, 
Hawthorne, Cal. NCR will soon pub- 
lish a technical brochure, Report No. 
6001, entitled “Rod Memory”. For 
a user’s reaction to the memory, con- 
tacting P) Hilker, Data Reduction 
Center, Naval Ordnance Test Station, 
China Lake, Calif. Ed. 
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Simulation Studies of Hydrofoils 
at HAMILTON STANDARD ELECTRONICS 


he Electronics Department of Hamilton Standard 
Division, United Aircraft Corporation is designing 
stabilization and control systems for hydrofoil craft. 
The GPS Statistical Analog Computer is the one being 
used in the system optimalization. The wealth 
of practical experience that Hamilton Standard 
Electronics has acquired in stabilization control of 
helicopters is being applied to the stability control 
problems of hydrofoil craft. 


Dynamic characteristics as well as the perform- 
ance of the CONTROL-HYDROFOIL system in the 
presence of random disturbances caused by complex 
wave motion over the full range of sea state conditions 
are being examined. Dynamic and probabalistic 
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GPS COMPUTER AT HAMILTON STANDARD, 
BROADBROOK, CONN. 


responses are generated simultaneously and 
directly on the GPS Statistical Analog Com- 
puter with a considerable savings in time 
and manpower. 


Why not investigate the computation possibili- 


ties of the GPS Statistical Analog Computer in 
your research. 


GPS Products: Compressed — time scale analog computers 


and high-speed statistical computers 


INSTRUMENT CO., Inc. 


180 NEEDHAM STREET * NEWTON 64, MASSACHUSETTS 
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For high-accuracy 


data logging...to checkout 
missiles or meters, to test transducers 
or transistors... checkout a 
Kin Tel digital 


—/ike this... 


This system, one example of 
KIN TEL’S digital system 
experience, takes eight meas- 
urements at each of 7200 
different data points. Outputs 
include visual readout, 

digital printer, X-Y recorder, and 
tape punch. Tape is perforated 
for direct entry into a digital 
computer. To provide 0.01% 
accuracy for low-level inputs, 
alternate channels scan calibra- 
tion signals. These, with the 
unknown input signal, are fed 
to the computer and correction 
is made for any inaccuracy 

in the system itself. 

Cost: about $20,000. 


...0F like this 


This data system consists of 

a KIN TEL 453M scanner and 501 
DC digital voltmeter, plus a 
parallel entry printer. Briefly, the 
system will accept 400 one-wire, 
200 two-wire, or 100 four-wire 
inputs, and will provide both 
visual and printed indication of 
the channel being scanned 

and DC input signals from +100 
microvolts to + 1000 volts. 
Accuracy is 0.01% +1 digit, and 
ranging and polarity indication 
are automatic. The complete 
system costs approximately 
$6850. At the present time, 
delivery is off the shelf. 





KIN TEL 
DIGITAL SYSTEM 
CAPABILITIES 


You can have any number of channels: 
A single 453M scanner ($2500) 
accepts 400 one-wire, 200 two-wire, 
or 100 four-wire inputs. Additional 
scanners can be added if more in- 
puts are required. 


You can measure DC from +1 uv to 
+1000 volts: The KIN TEL 501 DC 
digital voltmeter ($2995 ) measures 
from +100 uv to +1000 volts. Addi- 
tion of a KIN TEL digital preampli- 
fier increases sensitivity to luv DC. 


You can measure AC from 10 uv to 
1000 volts: Addition of a 452 AC con- 
verter ($850) to the 501 DC digital 
voltmeter permits measurement of 
RMS AC voltages from 1 mv to 1000 
volts in the frequency range of 30 
cps to 10 kc. A KIN TEL preamplifier 
can be added to increase AC meas- 
urement sensitivity to 10 nv from 
30 cps to 2 ke. 


You can measure DC/DC and AC/DC 
voltage ratios: The 507B digital volt- 
meter/ratiometer( $3835 ) measures 
DC voltages from +100 uv to +1000 
volts and DC/DC ratios from 
.0001:1 to 999.9:1. Accuracy is 
0.01% +1 digit. Addition of an AC 
converter permits AC/DC ratio 
measurements. 


You can get 0.01% DC and 0.2% AC 
accuracy: The KIN TEL 502 AC/DC 
digital voltmeter ($3845 ) measures 
DC from +100 uv to +1000 volts 
with 0.01% +1 digit of reading 
accuracy; and AC from 1 mv to 
1000 volts, 30 cps to 10 kc, with 
0.2% of full scale accuracy. 


You can have 10,000 megohm input 
impedance: The KIN TEL 458A digital 
voltmeter preamplifier ($1225) has 
gain positions of 100 (for DC and 
30 cps to 2 kc AC measurement) 

and +1 HI Z (for DC only ). On the 
+1 gain position input impedance 
is >10,000 megohms and gain accur- 
racy is 0.001%. Input range for +1 

operation is 0 to 40 volts. 


You can have visual, printed, or any 
other form of output: KIN TEL digital 
voltmeters provide visual indication 
of the measured quantity on a single- 
plane in-line readout. They are cap- 
able of directly driving commerci- 
ally available 10-line parallel input 
digital printers. Converters are avail- 
able for driving other types of print- 
ers, paper tape punches, typewriters, 
and IBM card punches. 


To find out how a KIN TEL digital system can solve your particular 
data acquisition problem, send us an outline of your require- 


ments, or contact your nearest KIN TEL engineering representative. 
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In the 1930's aircraft designers relied almost com- 
pletely on test pilots for performance feedback. That's 
why Vultee Aircraft officials were startled one spring day 
when a visiting Turkish delegation interested in buying 
Vultee bombers asked to talk to the company’s flight 
test engineer. Eager to keep customers happy in an 
era of lean business, Jerry Vultee hustled over a bright 
young engineer fresh from Cincinnati University’s Aero- 
nautical Engineering Department—he was Vultee’s 
idea of what the Turks probably thought a flight test 
engineer would look like. Harold K. Cheney first 
learned he was the company’s flight test specialist as 
he was introduced to the visitors. 

Such an introduction didn’t overwhelm Cheney, who 
had been an aerial barnstormer at the age of 15 and 
who had soloed at Love Field, Texas, at 16. He glibly 
told the delegation why the Vultee ship outperformed 
anything in its field, outlined a test program to con- 
firm contract performance values. His own officials 
were so impressed that he’s been in the flight test busi- 
ness ever since. 

Test instrumentation, Cheney reminisces, has come 
a long way since those early days. And he has done a 
lot of reminiscing as he has helped put together the 
program for the Sixth National Flight Test Sympo- 
sium to be held in San Diego this month; Cheney is 
general chairman. An example of what used to be: in 
1937 when he had to get additional data on the lateral 
control characteristics of the PT-13, a Vultee pursuit 
ship, Cheney found himself ensconced in the rear cock- 
pit with a primitive hand-operated rig. 

“T’d tell the pilot to stabilize the aircraft,” he recalls, 
“and when he had, I'd apply a side force with a ‘fish 
scale’ hooked around the control stick. Holding the 
deflection, I'd read the force on the fish scale and 
look out at the aileron to see how many painted marks 
were visible. After returning control to the pilot, I'd 
jot down on a knee pad the pounds of force and the 
resulting deflection.” 

Colorful data collection techniques like that were 
destined to have a short life as the thirties came to 
a close. The industry was designing greater perform- 
ance into aircraft, particularly military airplanes, and 
data was needed more precisely and in greater volumes. 
As part of solving this problem, to check out another 
Vultee pursuit ship, Cheney developed in 1939 the 
first flight test photorecorder. 

Cheney’s flight test group at Vultee was also the 
first to use telemetry as a method of acquiring flight 
data. The pioneering effort was on Vultee’s A-35 dive 
bomber—to obtain dynamic data on the buffeting char- 
acteristics of the aircraft during a high speed drive. 

When Vultee merged with Consolidated Aircraft in 
1943, Cheney became the Vultee Div.’s flight test chief. 
Later that year he was sent back to Consolidated Vul- 
tee’s Nashville (Tenn.) plant. 
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Harold K. Cheney 


barnstormed into flight test 


While in Nashville he met another aviation enthusiast, 
Virginia Hawkins, then an American Airlines stewardess 
flying the Nashville to New York run, and he married 
her before he returned to California. 

At the end of the war, Cheney was named chief 
missile test engineer of Consolidated Vultee’s San 
Diego Div. (the name has since been shortened to Con- 
vair and it’s a division of General Dynamics Corp.). 
For seven years he worked with missles when, as he puts 
it “the mussile business was fun,” meaning even more 
unpredictable and exciting than it is today. Cheney 
worked on the MX-744 (forerunner of ICBM Atlas) 
and the prototype models of Lark and Terrier. 

One of his most satisfying experiences happened 
in 1946 when his group achieved what is believed to 
be the U. S.’s first guided missile flight. A Lark missile 
was manually guided by SC 584 radar tracking infor- 
mation presented on a plotting board toward a balloon- 
supported target. Cameras mounted in the missile’s 
nose indicated that the bird passed within 13 feet 
of the target. 

Cheney switched back to aircraft flight testing in 
1954 when he was made chief flight test engineer at 
Convair-San Diego. Here he worked on the flight 
testing of the Convair 340 civilian transport and the 
F-102 and F-106 supersonic fighters. 

Today Cheney’s chief responsibility is developing 
future flight test program requirements. In addition, 
right now he’s helping in the final flight testing of 
Convair’s new 880 jet transport which, as the world’s 
fastest commercial transport, is a far cry from the Vultee 
bomber, Harold Cheney’s first flight test subject. 





‘Today’s big 


) 
ISI announces 


a completely integrated service for power 


and process control...information handling... pipeline 


and industrial automation 


FILLING THE VOID 
IN PRACTICAL CONTROL 
The recent combination of Information Systems Incorporated 
(1.S.1.), all the Panellit operations, and the Genesys Corpora- 
tion is made to order for your control requirements. I.S.I. now 
offers an exceptionally broad and well integrated service with 
the unique advantage of experienced engineering and proven 
hardware designed for reliable, economical control systems. 
The expanded family of advanced I.S.1. and Genesys Digital 
Control Computers is now teamed with Panellit’s wide experi- 
ence in control instrumentation. Equally important, the consci- 
entious policy of “small company” custom service has not been 


sacrificed by this corporate growth. 


BOARD OF DIRECTORS: A. Ff perry, Chairman of the Board « 


FROM THE SMALLEST 

TO THE LARGEST PROJECTS 

If you need a single $200 Annunciator, or a fully automated 
Computer Control System, I.S.I. delivers optimum reliability 
backed by the coordinated capabilities of a major co.apany in 
the automation field. 

PSC services, for example, include systems studies. .. design 
and engineering ... specification writing... bid evaluation and 
procurement... installation. ..commissioning and mainte- 
nance. In addition, both the Skokie, Illinois and the Los 
Angeles plant facilities are producing a quality family of 
products and components. No other source can match this 


single service or turnkey flexibility. 


G. K. Johnson, President, |. S. |. and V. P., Chance Vought 


F. O. Detweiler, President, Chance Vought « L. M. Sperry, Investments and Trusts « F. E. Burnham, V. P. Finance, Chance Vought 
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FOR MANAGEMENT FACED WITH THI 
PROBLEMS OF EXPANDING AUTOMATION 


The new LS.1. F 


INFORMATION SYSTEMS INCORPORATED 
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VOLTAGE =» POSITION 


What’s your control problem? 


ICKERS 


CAN PROVIDE YOU 

WITH CONTROL PRODUCTS 

OR COMPLETE CONTROL SYSTEMS UTILIZING 
MAGNETIC AMPLIFIERS AND SEMICONDUCTORS 


Development + Engineering + Manufacturing + Service 
VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 
1805 Locust Street /Saint Louis 3, Missouri =m 


18 CIRCLE 18 ON READER SERVICE CARD CONTROL ENGINEERING 








CtE 
MAY 1960 


Newsbreaks 
in Control 


@ Numerical Control Tackles New Fields 


Los Angeles—Numerical control, nominally associated with machine tools, 
is slowly branching out. An LA control company is building a tape con- 
trolled system to mechanize sand slinging machines in foundries. Nu- 
merical control will speed up the operation and standardize quality. The 
sand slinger compacts sand for casting molds by slinging balls of sand 
into the mold at high rates of up to 3,000 lbs per min. 


@ Indiana Standard Convinced by Closed Loop Computing-Control 


Whiting, Ind.—Standard Oil Co. of Indiana, which has been experiment- 
ing with both open- and closed-loop computing-control (CtE, Newsbreaks, 
Oct. °59, p 23), has been convinced that closed-loop control offers better 
economic possibilities. Standard will now build a facility to house its exper- . 
imental instrumentation, with IBM computing equipment, for regular 
operation of a crude distillation unit. Standard’s top executives claim their 
company “has as much know-how in this area as anyone including Texaco” 
(which over a year ago installed an RW-300 at its Port Arthur Refinery) 


@ New Census of Manufactures Figures Ready 


Washington—Advance information on the 1958 Census of Manufactures 
is now coming out of the Bureau of Census, U. S. Dept. of Commerce. The 
once-every-four-year census of manufacturing indicates that the scientific 
instruments industry (SIC 3811) has made some giant strides since the 
1954 census. Typical growth: number of employees up 40 percent, annual 
payroll has grown by 75 percent, annual shipments are up 57 percent. 


@ Teaching Machine Boom 


Minneapolis—A boom in teaching machines, devices that will automatically 
instruct students in a variety of subjects, may start within the year. In- 
formed sources say Minneapolis-Honeywell will be the next big company 
to announce plans to market a commercial machine. Already in the mar- 
ket: U. S. Industries, Rheem Mfg. Co., and General Atronics. 


@ Soviets Plan Program Control Boost 


Moscow—Leningrad Economic Council has organized a new Program Con- 
trol Dept. at the U.S.S.R. Technological Designing Institute to equip turret 
lathes, lathes, milling machines, and drill presses with program control. 
Hundreds of machines will be retrofitted with the new controls, and the 
number may run to thousands before the project is completed. 


@ U.S. Steel Eyes Giant Numerical Control Machine 


Pittsburgh—U. S. Steel is considering the purchase of a specially designed 
tape controlled machine that will drill and cut to size structural steel for 
construction. The machine, which would be over 300 ft in length, is still 
in the proposal stage. 
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Langley's Tunnels Play 
Second Fiddle To Space Age 


Wind tunnels used to be the prime 
activity at the Langley Research 
Center. But today some exciting 
space age control projects are 
taking precedence. 


HAMPTON, VA. 


An automatic control system to kill 
the precessional motion of spin-stabi- 
lized space vehicles, techniques to 
measure the high temperatures of 
plasmas in magnetoplasmadynamic 
devices, and a centralized data center 
to gather at high speed the volumi- 
nous data generated in newly built 
hypersonic wind tunnels—these are 
samples of the new emphasis on space 
technology at the Langley Research 
Center of the National Aeronautics 
and Space Administration. 

Until October 1, 1958 when the 
Langley Aeronautical Laboratory of 
the National Advisory Committee for 
Aeronautics became the Langley Re- 
search Center of NASA, the 710-acre 
facility’s prime concern was producing 
data, mainly from wind tunnels, for 
the design and development of aircraft 
of all types. The Instrument Research 
Div. was a support organization whose 
job was to keep abreast of develop- 
ments in measurement and to supply 
the users of Langley’s 30 major wind 
tunnels with instrumentation service. 
Today, as the organization chart 
shows, IRD has branched out into 
new areas of both applied and _ basic 
research. And activity is no longer 
limited to measurement alone. 

¢ Spinning ball—A good example of 
what’s happening is the work of the 
Navigations and Communications 
Branch of IRD with an air bearing 
simulator (photo at right). Engineers 
of the recently enlarged Automatic 
Controls Section consider this simu- 
lator as basic to space vehicle control 
as the wind tunnel is to aircraft. 

Consisting of an 8-in. diameter steel 
ball floating on air, the simulator has 
rotational freedom of motion in all 
directions. When a platform or space 
vehicle mockup is mounted on the 
ball, engineers can study a_ variety 
of spatial conditions, ignoring such 
inherent earthbound restrictions as re- 
storing force and friction. 

As a= starter in October 


1958, 


Langley built a single axis simulator 
to study nonlinear on-off controls. 
The present unit was built in 1959 
when the controls group needed a 
simulator on which to mount a space 
vehicle autopilot. 

Applied to checkout the controls 
for the Little Joe vehicle which pro- 
pelled a monkey into space last Janu- 
ary, the concept scored its biggest suc- 
cess to date. Little Joe’s autopilot 
and eight reaction jets operated by 
compressed air were mounted on the 
simulator (so that the whole rig 
weighed almost 1,500 lb) then run 
through the sequence of events from 
launching to end of control. Space 
scientists knew exactly how the con- 
trols would perform before Little Joe 
ever left its launching pad at Wallops 
Island, Va. 

¢ Nutational spin—Next project for 
the simulator is to help in the devel- 
opment of an automatic control sys- 
tem to direct the last stage of space 
vehicles which are spin stabilized. 
Normally during the launching of a 
multistage satellite vehicle, an auto- 
pilot controls the first three stages. 
The last stage is then spun with the 
hope that it will continue moving in 
the same direction, just as a bullet 
is spun and directed by the rifling of 
a gun barrel. 

Controlling a spinning vehicle in- 
troduces some sticky problems. For 
one thing the vehicle tends to act like 
a gyro so that forces have to be ap- 


Air bearing simulator. 
Bottom view of platform 
shows air tanks which 
supply reaction _ jets. 
Controls are mounted 
topside. 


plied in a direction 90 deg from that 
in which the control is desired. En- 
gineers hope to be able to do this with 
a single reaction control which is 
pulsed at just the right time. 

To guide the final stage on a set 
trajectory, Langley is building a simple 
horizon scanner—a telescope with a 
light source. When the telescope sees 
land, a signal will be generated; when 
it sees space, no signal will be gener- 
ated by the sensor. 

In addition to preventing preces- 
sion, the control has to correct errors 
resulting from “tip off”, the separa- 
tion of the spinning stage from the 
previous stage. As the earlier stage 
drops away, the spinning stage tends 
to change its direction as a reaction 
to the drop off. 

e Analysis and hardware—While 
Langley is readying its air bearing 
simulator, other sections of the Navi- 
gation and Communications Branch 
have space project. One group, for 
example, is now testing the guidance 
system for an attitude control which 
Minneapolis-Honeywell has built for 
the Scout, an experimental vehicle 
Another is performing systems analy 
sis of a tracking system, to analyze 
the errors caused by station place- 
ment in a four-station Doppler system. 
And still others are doing computation 
work: for Project Mercury, the man 
in space project, to compute orbits; 
for Shot Put, a project in which a 
100-ft balloon is fired from a rocket, 
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to determine the proper time of 
launching to keep the balloon in sun- 
light a maximum amount of time. 

¢ What comes first—Such activity 
requires a major shift in philosophy 
as well as interest. It means a com- 
plete reversal, says H. B. Edwards, 
assistant chief of IRD. “We used to 
do things manually first, then make 
them automatic. But with space 
projects, we have to do things auto- 
matically, later we may be able to 
send a man up and have him make 
measurements. In our former ground 
facilities work, for example, we were 
always concerned first with making the 
measurement correctly; an automatic 
system would come later when we 
were sure it did not affect the quality 
of the measurement.” 

Even the ground facilities work is 
undergoing a major change today. 
Wind tunnels are still important, but 
they are producing data for space 
vehicle reentry rather than airframe 
design. To keep pace, IRD’s heavily 
loaded Data Systems Branch is in- 
stalling a centralized data gathering 
facilities, will soon have additional on- 
line computing for wind tunnel users. 

First step is the installation of 
three Beckman 210 high speed data 
acquisition systems in the branch’s 
new computer building. One was in- 
stalled in February 1959, a second is 
just being installed, and the third will 
be ready by summer. The 210’s will 
receive analog signals from the wind 
tunnels—thermocouple’ readings and 
pressure signals—digitize them, con- 
vert them to computer format, and 
then put them on magnetic tape ready 
for computation. Addition of the sys- 
tem cuts the time between tunnel test 
and finished computer data to one- 
sixth of what it was formerly. 

When the three systems are in- 
stalled, the Data Center will be able 
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to handle up to 800,000 readings in 
6 min (one reel of magnetic tape); it 
will handle 7,200 channels of infor- 
mation per sec. 

Because of the design of the 210’s— 
they use high input impedance ampli- 
fiers so there is no attenuation of the 
signal—Langley will bring low volt- 
age thermocouple signals into the 
center without amplification over lines 
several thousand feet long. Signals as 
small as 25 millivolts can be trans- 
mitted this way with no loss in ac- 
curacy of measurement. 

Signals from any of 10 specially 
connected tunnels come into a patch- 
board (one for each tunnel). By ar- 
rangement of the patchboards, any of 
the three 210’s can handle data from 
any of 10 tunnels. A changeover, gath- 
ering data from a different tunnel, can 
be accomplished in minutes if the 
center has been warned that the new 
tunnel will be ready to transmit data. 
If the tunnel requests use of the data 
acquisition system without having 
given previous warning, the center 
takes about 30 min to get ready. 

¢Real time computing—By June 
the center will be able to offer tunnel 
users one other service: real time com- 
putation. Engineers of the Data Sys- 
tems Branch say the technique will 
supply aerodynamicists with test re- 
sults as the test proceeds so that the 
testers can change environmental vari- 
ables during the test instead of wait- 
ing hours or days for the results. 

The key intermediate equipment, 
being built by Electronic Associates, 
will receive the output of existing 
analog-to-digital converters, put them 
into computer format, and transmit 
them to the IBM 650 computer for 
processing. Results will move from the 
computer to a variety of output de- 
vices like plotters and automatic type- 
writers near the tunnel. The system 
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will be able to read up to 160 pieces 
of information, four characters per 
piece of information. 

¢ Measurement differs—High speed 
data acquisition has been dictated pri- 
marily by the decrease in time of tun- 
nel tests as Langley has started using 
hypersonic (Mach 25 speeds) and hot 
shot tunnels, in which a test may take 
only milliseconds. The change in data 
processing techniques is no more se- 
vere, however, than the change that 
has been forced on the measurement 
specialists. 

In subsonic tunnels, models used 
to be supported by tripods; forces were 
“weighed” by beam balances. In su- 
personic tunnels, however, any strut 
in the line of the model changes the 
characteristics of the tunnel so that 
models have to be mounted from the 
back of the tunnel. Force measure- 
ments are now made by strain gage 
balances. And the increasing speed has 
dictated a need for smaller and better 
strain gages. 

The high speed tunnels are running 
with low density atmospheres—neces- 
sitating more sensitive pressure de- 
vices—and high ambient temperatures 
—requiring new thermocouple tech- 
nology and _ water-cooled _ balances. 
Shock tubes which also operate only 
for milliseconds force a whole new 
look at temperature measuring tech- 
niques. 

¢ Magnetoplasmadynamics — H 0 w 
one measures such high temperatures 
is one of the projects in the Measure- 
ment Research Branch, which now is 
conducting some basic studies. What 
develops from this work may be used 
in another area of interest at Lang- 
ley: megnetoplasmadynamics — high 
temperature ionized gases being used 
as power sources. 

One technique new to Langley 
Field for temperature measurement is 
spectroscopy. Langley engineers are 
trying to measure temperatures of 
plasma with the same methods used 
by astronomers and physicists to 
determine the temperature of stars. 
The spectroscope supplies an average 
temperature, but it cannot yet provide 
a temperature gradient. Measurement 
is complicated by contamination of 
the gas stream; dust and carbon par- 
ticles tend to hide the bands that are 
essential for temperature indication. 

The switch to new techniques at 
Langley has affected practically all of 
the current staff of 3,400 (of which 
about 1,100 are professional people). 
Over 10 percent of the total budget 


Apply wind 
tunnel instru- 
mentation. 


Apply instrument- 
ation for specific 
manned and un- 
manned test vehicles. 


Develop new tech- 
niques and conduct 
basic research in 
measurement. 


Develop guidance 
and control systems, 
perform systems 
analysis, conduct 
research in com- 
munications. 


goes for measurement and control ac- 
tivity. Almost 400 people are at work 
on instrument studies (half of which 
are engineers or scientists). And IRD 
buys over $1.5 million worth of equip- 
ment a year for its work. 

—Lewis H. Young 


wind tunnel 
data pro- 
cessing. 


21 





WHAT’S NEW 


A User Reports: 
Rapid Return from Tape Control 


LAKE SUCCESS, N. Y. 

Ihe three tape controlled machine 
tools now spotted about the machine 
shop of Sperry Gyroscope Co.’s Ait 
Arm Diy. are expecting company. The 
equipment installed so far has shown 
such a spectacular and rapid economic 
return that plans are being rushed to 
greatly expand the numerical control 
content of the shop. 

Last month Ctk queried Stan Mi 
hanovich, the man in charge of meth 
ods and tool engineering at the Ait 
Arm Div., about his experience with 
numerical control. Mihanovich’s §re- 
plies constituted an enthusiastic en- 
dorsement, including some remark- 
able highlights: 

P operating economies paid off one 
$20,000 control system in less than 
four months. 

P servicing has been no problem- 
even with machines running on a two- 
shift basis. 

P every new part is programmed for 
a tape machine, even when the ma- 
chines are too busy to handle it. 

In many circles Sperry Gyroscope is 


OLD BULLARD POSITIONING TABLE was equipped with 
two-axis tape controls at total cost of $18,000. Controls are ex- 
pected to pay for themselves within nine months of operation. 
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regarded as an “electronics company” 
relying on soldering irons rather than 
machine tools for producing goods. 
But a visitor to the vast Lake Success 
plant—big enough to serve as tempo- 
rary headquarters for the United Na- 
tions just after World War II—soon 
comes to an opposite view. 

There, a 1 million-sq ft shop houses 
hundreds of machine tools—including 
batteries of drill presses and jig borers, 
which are inherently suitable for tape 
positioning control. ‘Their heavy con- 
centration on metalworking processes, 
plus the fact that production runs of 
parts for aircraft armament are nor- 
mally in the range of 1 to 25 units, 
imbued Sperry engineers with an in- 
terest in numerical control techniques 
as far back as 1955. 

eIn the family—Despite this inter- 
est and persistent study of tape con- 
cepts, no hardware purchases were 
authorized until recently. Among the 
reasons for the delay: a couple of busi- 
ness dips and some dissatisfaction 
with the quality of controls available 
at the time. ‘Then Sperry’s Canadian 


affiliate began to market a numerical 
positioning system and the Lake Suc- 
cess operation rushed to buy. 

The three working machines are a 
new Burgmaster turret drill, a retro- 
fitted Bullard spacer table, and a De- 
Vlieg Jigmil, also retrofitted. ‘The 
Burgmaster proved the easiest to 
justify economically, delivered a docu- 
mented saving of $2,427.80 in its first 
77 hours of operation on 9 or 10 dif- 
ferent parts. ‘This figure includes only 
the direct savings on labor ($241.80) 
and tooling ($2,186); no values were 
assigned to coincident benefits such 
as reduced inspection time, more out- 
put per machine, increased tool life, 
and less storage space for jigs. 

While the Burgmaster records far 
surpassed original estimates, the other 
two machines are proving out closer 
to predictions. In the case of the 
Bullard table, the methods people put 
the figure at $22,500 over a year of 
two-shift production. This embraces 
$17,000 just for the time saved in 
setting stops. 

The original table also featured a 


NEW BURGMASTER TURRET DRILL with 
numerically controlled worktable is showing spec- 
tacular economies over manual drill press operations. 
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MAY 


SIZE 8—SERVO 
TACHOMETER 
TYPE SJ7HLZ7-4 


High Performance 
plus Low Tachometer Power 


This small motor tachometer features high 
torque output per watt input and excellent 
signal to noise ratio. It is an ideal choice for 
those applications where space is limited yet 
the high performance and reliability of a 
precision damping, motor generator is re- 
quired. Other BuOrd Size 8 motors, tachom- 
eters and gearhead units are available, built 
to E.A.D.’s high standards as well as to 
meet specific customer requirements. 


TYPICAL CHARACTERISTICS 
GENERAL: Frequency, 400 c.p.s. © Rotor 
Inertia, 1.2 gm.cm.2 ¢ Torque at Stall, 0.34 
oz. in. © Oper. Temp. Range, —55° to 150° C 
© Weight, 2.8 oz. 

MOTOR: Motor Voltage (fixed & contro] 
phases), 26 ¢ Power (Stall), 2.5 Watts 
GENERATOR: Excitation, 26v, 400 c.p.s. © 
Power (Stall), 1.5 Watts « Output at 0 RPM, 
0.010 V.R.M.S. ¢ Output Voltage, 250 Mv/ 
1000 RPM ¢ Signal to Null Ratio, 25/1 at 
1000 RPM 


Write for complete Technical Data, 


1960 


™ the sc c e of 


rotation... 


Eastern Air Devices’ contribution to systems design is the science of 
rotation. This concept represents the basic engineering and production 
approach of a company whose products are specified everywhere to 
meet the critical perform-~ze and reliability requirements of today’s 
systems .. . tomorrow’s designs. Eastern Air Devices’ product line — the 
most complete and diversified in the industry today — and the company’s 
new developments in bearing life, high temperature insulations, oxidation 
protection . . . reflect the technical confidence developed during 18 years 
in the application of the many sciences of rotation. At Eastern Air Devices 
you are assured of a 1960 scientific approach to the application of 
rotating electrical components ... whether you 

select from the standard line or order special designs. 


EASTERN AIR DEVICES, INC. 


Subsidiary of Norbute Corporation * Dover, New Hampshire 


INDUCTION MOTORS * SERVO MOTORS * HYSTERESIS MOTORS 
INTEGRATING TACHOMETERS AND MOTOR TACHOMETERS * BLOWERS 
INERTIALLY DAMPED SERVO MOTORS * TORQUE MOTORS * FANS 
DAMPING MOTOR TACHOMETERS * GEAR MOTORS * ALTERNATORS 
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| WHAT‘S NEW 


D-890-A (with crystal check) 

Frequency: 1 c/s to 111.1 ke/s 

Accuracy (max): 0.05 °%; 0.005% at 
spot frequencies. 

Output (max): 126 v into 8k ohms or 
24 v into 600 ohms. 


D-695-A 
Frequency: 10 c/s to 31.2 ke/s. 
Accuracy : 0.2% above 
100 c/s; 0.3 c/s at 10 c/s. 
Output: 10 v into 10k ohms; 
2.4 v into 600 ohms. 


Four of the most 
ACCURATE and STABLE 
variable-frequency 
OSCILLATORS 


D-888-A (Analyser/Oscillator) 
Frequency: 200 c/s to 650 ke/s. 
Accuracy : 2% 
Output (OSC): 2.5 v into 

600 ohms. 


D-880-A (2-phase) 

Frequency: 0.01 c/s to 11.2 ke/s. 

Accuracy : 0.2% above 5 c/s; 
2% at 0.01 c/s. 

Outputs: 10 v into 10k ohms 
and 600 ohms. 


Models cover a frequency range from 
0.01 c/s to 650 kc/s 


WRITE TODAY FOR PUBLICATIONS 130, 136, 137 & 138 


MUIRHEAD 


PRECISION ELECTRICAL INSTRUMENTS 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Telephone: Murray Hill 2-8131 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada. 
Telephones: 3717 & 3718 
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England. 
Telephone: Beckenham 4888. 4523 
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type of automatic positioning, but 
limit-switch trip dogs had to be set 
whenever the machine was changed 
for a new part. There were as many 
as 31 stops; setup time was 8 min per 
stop. ‘Tape control eliminates setup 
time entirely, while providing an un- 
limited number of stops. The elimina- 
tion of one 5-sec dial change required 
for the original table alone will be 
translated into a $1,000 cost advan- 
tage over the year. 

¢Everything’s on tape—Unques- 
tionably the most convincing tribute 
to the new controls is that the meth- 
ods group now prepares a tape for 
every new part design emerging from 
the engineering department. This is 
true despite the fact that the three 
machines cannot begin to handle the 
total flow. Although a part may have 
to be turned out on a conventional 
machine at first, a numerically con- 
trolled machine may be available for 
the second run. 

Sperry’s methods group has taken 
the need for parts programming in 
stride. No additional personnel were 
required, and retraining efforts have 
been moderate. Clerical typists turn 
out punched tapes on Friden equip- 
ment on the basis of standardized 
worksheets filled in earlier by detailers. 
No attempt has yet been made to 
“sell” engineering and drafting groups 
on coordinate dimensioning. 

¢ Two in seven months—The main- 
tenance department, too, has found 
that the tape machines have created 
no particular problems. In seven 
months of operation, only two calls 
for help were made to the Canadian 
plant. Local service people handled 
all other breakdowns, although they 
were not given any special training 
except for that gleaned from Cana- 
dian technicians during the installa- 
tion and shakedown phases. 

However, Sperry people admit that 
their maintenance groups are heavily 
populated with “electronic electri- 
cians” who are accustomed to servic- 
ing complex electronic gear. 

Sperry management, noting the 
quick return on the first three systems, 
is about to enter on a numerical con- 
trol buying spree. The fourth ma- 
chine — another Bullard retrofit — is 
nearing completion. The initial four 
will be joined within the next year 
by between four and eight additional 
units, both new and retrofitted. 

And, some enthusiasts in the divi- 
sion predict that within five years, 
over 90 percent of all drilling and 
boring operations will be performed 
on tape controlled machines. 

—John D. Cooney 
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ALLIED CONTROL’S 
NEW LINE OF 


Sub-Miniature 
Telephone Type Relays 


Now being manufactured entirely in the U.S.A., not only in its original 
West German design previously sold in this country by Allied Control 
Company, Inc. under an agreement with Siemens & Halske Company A.G. 
Germany but with variations to meet American requirements as well, 


TYPE-T-154 


H- 13/16 @ W- 47/64 @ L-1 11/64 


TYPE-TAF 


H- 117/64 @ W- 41/64 @ L-1 5/16 


TYPE-TAHG 
H- 23/16 @ W-17/16 @ L-1 5/8 


TYPE-TAH TVPS-TASO 


H- : ot ess 
H- 119/32 @ W-61/64 @ L-1 11/32 2 @ W- 113/32 @ L-1 13/32 


PERFORMANCE CHARACTERISTICS 


Contact Arrangement 

Up to 12 springs maximum form A, B or C 
Contact Rating 

2 amperes resistive or 1 ampere inductive 
at 29 volts d-c or 115 volts a-c 

Low level or 5 ampere contacts available 
on request 

Standard Coil Voltages 

Suitable coil resistances can be supplied 
for operation at any voltage within the 
range of 0.5 to 130 volts d-c 

Coil Power 

Nominal: 700 milliwatts 

Minimum Operate Power: 125 to 300 milliwatts 
depending on application, contact arrange- 
ment and coil resistance. 

Timing at Nominal Voltage 
Operate time: 15 milliseconds maximum 
Release time: 5.0 milliseconds maximum 
Vibration 

10-55 cps at .062 inch double amplitude 
55-500 cps at a constant 10g 

Shock: 259 operational 

Enclosure 

Open, dust cover or hermetically sealed 
Weight 

Open type 1.0 ounce maximum 

Sealed type 2.0 ounces maximum 


ALLIED CONTROL 


ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21, NEW YORK 


MAY 1960 
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How pneumatic computing elements might perform in a sim 


ple one dimensional aircraft control (description on page 28). 


Open New Doors in Control 


Diamond Ordnance Fuze Laboratories calls its new device a fluid amplifier. You can 
add, subtract, multiply by combining the devices. And it is possible to build a variety 
of functional and logic devices such as AND and OR units, oscillators, flip-flops, and 


reaction controls. 


WASHINGTON— 

A fluid power stream is modulated 
by two or more fluid control streams 
positioned opposite to each other and 
at right angles to the power stream— 
that is how a radically new amplifying 
device works (Newsbreaks, CtE, Dec. 
59, p. 21). Called a fluid amplifier 
by its developers, three engineers (Dr. 
R. E. Bowles, B. M. Horton, R. W. 
Warren) at the U.S. Army Ordnance 
Corps’ Diamond Ordnance Fuze Labo- 
ratories, the new device appears to 
have widespread military and indus- 
trial applications. At DOFL, engi- 
neers say that the operation is based 
on some well known laws of fluid 
mechanics and some not so well known 
behavior of boundary layers. 

On the surface the device looks dis- 
armingly simple. It has no moving 
parts. Figure 1, for example, shows 
how a fluid amplifier might work as a 
digital device. The control stream 
directs the power: stream into the 
proper output passage. Operating con- 
trol streams have worked successfully 
at very low pressures, as low as 10 in. 
of Hg vacuum. 

Figure 2 shows how DOFL engi- 
neers help deflect the power stream 
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with the low pressure between the 
sidewall of the. device and the power 
stream. This permits a very low pres- 
sure to serve as the control pressure. 
Sidewall pressure distribution also per- 
mits the application of feedback with- 
out a special channel in the device. 
If feedback paths from the output 
apertures are made to two additional 
control nozzles, the modified device 
has a memory capability, can “lock” 
the power stream in one path or an- 
other. To date DOFL engineers have 
been able to build amplifiers with a 
power gain of as much as 100. 

The same approach can be har- 
nessed to produce an analog device 
with the power stream being modu- 
lated by a low energy control signal 
so that the output stream has a re- 
lated energy flow at a higher energy 
level. The control streams direct only 
a proportional amount of the power 
stream into the desired output open- 
ing, and the output can be determined 
either by mass flow, velocity, or pres- 
sure of the stream. 

By judicious application, the fluid 
amplifier has performed a variety of 
functions. They have served as AND 
or OR logic units and as binary stages 


Lett output \ / Right output 


——S 


control jet ~ 


\ Power jet input 


Right control jet 


FIG, 1. Fluid amplifier as a digital device. 


Control 
stream 
Power 
stream 
FIG. 2. How pressure helps direct power 
stream so unit will operate with very low 
pressure control streams. 
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TO THE ENGINEER 
who wants to transfer 51 circuits simultaneously 


If you need simultaneous transfer of a large 
number of circuits without fail, take a look at 
AE’s new WQA relay. It will do the work of 
four or more heavy-duty, general-purpose 
relays each with maximum spring pile-ups, 
and sustain 50 million or more operations 
without readjustment. 


In the WQA relay, all moving springs pass 
through holes in a unique actuating “card.” 
Moved directly by the armature, the card in 
turn actuates all the moving springs. This 
method of operation pre-establishes exact 
timing and sequence of all spring operations, 
and at the same time assures perfectly syn- 
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AE Series WQA 
Quick-Acting 
Wire-Spring Relay 








chronized “break-before-make’” on all circuits. 


Contact capacities on WQA relays can be 
custom-tailored to your needs, with either 
one, two or three levels of contact assemblies 
available, each with a capacity of 17 Form C 
combinations. Other Forms available. 


Our circuit engineers will be pleased to work 
with you in adapting the WQA to your spe- 
cific design. Or, if you wish, they’ll take on 
the complete packaging job. 


If you’d like more information on the WQA 
relay, address your request for Circular 
1957 to: Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


cy 
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(One of 30) 


The lightweight 
FLEXAIR™ 
Valve 


Provides effortless control. Position 
of the handle controls air pressure. 
Pressure is graduated between zero 
and maximum and automatically 
maintained. A light touch of the han- 
dle controls one, two or three outlets, 
separately or simultaneously. 

The FLEXAIR Valve is only one 
of a growing list of interesting new 
AIR CIRCUITRY Components. 
Westinghouse AIR CIRCUITRY 
eliminates operator fatigue and errors 
in manual or semi-automatic oper- 
ations and serves in completely auto- 
matic installations. 


AIR CIRCUITRY... 
FOR TROUBLE-FREE AUTOMATION 


Air Circuitry is the application of 
pneumatic control systems to your 
industrial production operations. 

Air circuits are safe, economical 
and precise and are used to solve the 
most rigorous and complex control 
problems in industry. 

Our engineers, backed by 90 years 
of experience, can help you boost pro- 
duction and cut costs in your plant. 


AIR CIRCUITRY means trouble-free automation 


For more information, ask for Catalog A4-72.03. 


See the Yellow Pages under Cylinders for the Name of Your Local Distributor, 
or refer to Sweet's Catalog, Product Design File. 


Another New Westinghouse || wars new 
AIR CIRCUITRY Component 


of a scaler. If units are combined, the 
fluid amplifiers can add, subtract, or 
multiply either as analog or digital sys- 
tems. If a feedback path is connected 
to the input, an oscillator is produced. 
In this way DOFL engineers have 
been able to build extremely low fre- 
quency fluid oscillators, as low as 6 
cycles per min., and as high as 10 Ke. 
¢ An aircraft example—Nobody has 
vet marketed a control system using 
the fluid amplifying devices. But here’s 
how a simple one dimensional analog 
aircraft control might work. If the 
fundamental control equation were 
q= Yer 

q = dynamic pressure 

p = density 

v = velocity 
then dynamic pressure is a function 
of velocity and density. If an intake 
opening is placed at an angle with di- 
rection of flow of air, then the pres- 
sure in this pickup is a function of 
angle of attack and velocity so that 
measurements of pressure are the only 
inputs required to, measure angle of 
attack of aircraft. In this simple con- 
trol, three fluid amplifiers might be 
used: 

1) One would monitor the angle of 
attack. The control streams of the 
fluid amplifier would represent pres- 
sure measurements at equal positive 
and negative angles with respect to 
the centerline of movement. The out 
put controlled by this pressure differ- 
ence serves as an input to the third 
amplifier. 

2) Fluid amplifier number two 
would compute dynamic pressure, 
which is the result of subtracting static 
pressure from total pressure (as meas- 
ured in a pitot tube). Total pressure 
would serve as one control stream, 
static pressure as the other, the differ- 
ence directing the input power stream. 
Output of this second device then 
serves as another of the control 
streams of the third fluid amplifier. 

3) The third amplifier would then 
make the control system decision com- 
paring what was being done to what 
should be done—increasing or decreas- 
ing lift. 

Output of the third unit might 
then be converted from a pneumatic 
to a hydraulic signal to operate the 
actuators. 

* Reaction controls—The units al- 
readv built—oscillators, bistable units, 
flip-flops, memory units, and tristable 
units—promise some intriguing appli- 
cations. For example, the tristable unit 
appears to have a number of special 
advantages as a reaction control for a 


WESTINGHOUSE AIR BRAKE COMPANY 


INDUSTRIAL PRODUCTS DIVISION, WILMERDING, PENNSYLVANIA 


missile or space vehicle. 
With a low pressure input stream, 
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NOW ultra-accuracy possible in 2-speed servo 
systems with use of Ketay Vernier Resolvers: 


Se Me 








TYPICAL SPECIFICATIONS 
These typical specifications are for a particular vernier resolver designed 
for a specific application and are included here to give a general idea of 
what parameters are available. Vernier resolvers can be supplied for a 
wide range of voltages, currents and frequencies. Electrical to mechanical 
ratios can be changed to suit specific needs. 


Type # SP. 164 
Electrical to Mechanical Ratio (Gear up) 64:1 
Excitation 10 volts, 2.441 K.C. 
Error Spread of Null Crossover points (Max.) 12 (seconds) 

(3), (2) Error Spread over a Vernier interval (Max.) 4.5 (minutes) 
Maximum over-lapping error between 


é k intervals—approx.: 21 (seconds) 
Ketay has developed a Vernier Resolver Peak Output Voltage: (volts) 2.3 + 10% 


which permits the Systems Engineer to Peak Output Voltage on reference winding: 

achieve utmost accuracy in his two-speed (volts) 2.5 + 4% 

system. Replacing the fine speed transmitter Open Circuit excitation current (untuned) (amps) 0.64 + 4% 

and associated gearing on one end, and the Open Circuit excitation current (tuned) (amps) 0.065 + 10% 

fine speed receiver with coarse-to-fine gearing Open Circuit power (watts) 0.65 + 10% 

on the other end, it provides a basic system Max. Starting Torque (in-oz.) 0.1 

accuracy from input to output shaft of the Input impedance (ohms) 15.6 + 4% /84° 

order of 20 seconds of arc, maximum. Null Voltage at Zero Points: (total rms) 7.5 mv. 
Operating on a variable reluctance prin- Peak Third (3) harmonic voltage (mv.) 85 

ciple, this resolver accomplishes its gear-up 

electrically ... permitting coarse and fine 

speed units to be coupled directly. Thus, 

costly gearing with its contributing errors 

is eliminated. Also, as a variable reluctance NOTES: 1 

device, it requires no windings on the rotor 

and therefore no sliprings or brushes. Errors 

due to brush contact resistance are elim- 

—— Be nether — 3. Error is for unit being used as 2 Phase Transducer. 

achieved. : Submit your problems to us and a qualified Ketay engineer will 
The Vernier Resolver, in conjunction with show you how a vernier resolver may solve them. 

a standard resolver, may also be used asa | 

highly precise shaft angle encoder. a 





Phase Shift of output to input, approx. 3 
Ambient temperature (C) —20° to +- 70° 
Weight—approximately 8 Ibs. 13 oz. 


. Configurations, size, weight, etc. can be modified to 
suit specific applications. 

2. Error spread can be trimmed down to value of over- 

lapping error or less. 














USE OF VERNIER RESOLVER IN TWO SPEED SYSTEM 


Coarse Coarse 
Transmitter Receiver 


DIRECT COUPLING 
(NO GEARS) 





Transfer Circuitry 











KETAY DEPARTMENT 
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WHAT’S NEW 


the device is bistable. But when the 
input stream’s pressure is sufficiently 
high, the fluid amplifier becomes tri- 
stable. Under such conditions a de- 
vice would not only serve as the actual 
reaction jet of a missile, but it would 
also be part of the computer to de- 
termine how much force to emit and 
at what direction to aim the jet. 

¢ Appear inexpensive—For demon- 
stration purposes, DOFL has built 
fluid amplifying devices as big as 4 in. 
square and as small as a shirt but- 
ton. They have drilled the passages 
for the fluid streams in metal blocks 
and in ceramic discs (for high tempera- 
ture application). At this state of the 
art, DOFL thinks the devices will be 
inexpensive. And their reliability is 
high because of the absence of any 
moving parts. 

Response times of the devices are, 
of course, much slower than electronic 
units, but are faster than conventional 


pneumatic or hydraulic elements. 
ID ‘ oe ’ Current work at DOFL is to obtain 
a one 1S 1mMpor tant! more fundamental design characteris- 


tics about the devices. 
One of the most intriguing possi- 


| bilities for using fluid amplifiers lies 
e Relays are often referred to as the heart of an | in the process control field. It may be 


i ont . . ssible to compute, perform logic 
; | possib pute, | g 
electronic control circuit. A good one is essential to functions, and control a process stream 


, . | using the process fluid itself as a 
efficient performance and longer life. For years source of power. 





Comar has aided manufacturers suffering from relay trouble. 


] hnicians , ; 
Our relay technict Design Conference in May 


For the first time since it was 
: : started several years back, the ASME 

vigor : ‘ . a 
put more ve and & annual design engineering conference 
‘ ee will be held in New York at the Colli- 

, its. : of 

nyo relay Gace seum. Along with a 400 exhibit de- 
sign show, the four-day meeting (May 
Send the symptoms... | 23-26) will offer at least five sessions 
we'll recommend the of prime interest to control engineers: 

Tuesday Reliability 


ligation. Tuesday Hydraulics 
cure...no ob os Wednesday Control Systems 
Wednesday Automation 
Thursday Computers in Design 


will show you how to 








The reliability session will consider 
“Reliability Prediction as a Design 
Tool” and “Impact of Reliability on 
Design”. 

Two papers will be heard in the 


e control systems session: “Analysis of 

er O mn a r e | e ct r | - Control Systems by Analog Compu- 
ter” and “Computers in Control”. 

3349 ADDISON STREET, CHICAGO 18, ILLINOIS The use of computers in design will 

be discussed by a panel of users who 

will consider the types of problems to 

he solve on a computer and which com- 


puter to use; training of personnel; 
RELAYS * SOLENOIDS * COILS * SWITCHES * HERMETIC SEALING costs of installation and operation. 
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LIFEGUARD STATION 


for a man in space 


The vital Cape Canaveral nerve center for Project Mercury, the U.S. program to put a man in 
space, is being designed and built by Stromberg-Carlson-San Diego. Display information 
about the flight will be fed to the operations room from computers and from a world- 
wide network of tracking and telemetry stations. One wall of the 40 by 60 ft. 
operations room will be a large map display, visually summarizing all pertinent 
information about the flight. It will show the capsule moving along its orbital 

flight path around the earth and will also show the location, range and status 

of all ground based equipment and communications links. The operations 

room will contain display consoles presenting information to the Flight 

Director, Chief Flight Surgeon, Capsule Communicator, Flight 

Dynamics Officer and other decision-making personnel. For 

information on how Stromberg-Carlson-San Diego can help 

solve your data/display problems, write to Department 

A-48, 1895 Hancock Street, San Diego 12, Calif. 

Telephone CYpress 8-8331. 


STROMBERG -CARLSON-SAN DIEGO 
aoivision or GENERAL DYNAMICS CORPORATION 
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For framing .. 
for attaching components 


-++ USE THE NEW 


UNISTRUT. 


FRAMING SYSTEM 


With units like the flight simulator cabi- 
net above, achieving compact design and 
efficient production can be a problem. 
Use of UNISTRUT metal framing large- 
ly eliminated such problems for this 
manufacturer. There was no costly pre- 
fabrication of the framing. No precision 
layout or drilling was needed to secure 
the many components and wiring. 

Advantages like these are why the 
UNISTRUT system is finding increas- 
ing use as framing and supports in elec- 
tronics and instrumentation production. 

The patented UNISTRUT spring- 
held nut which rides in an open slotted 
channel makes it possible to attach com- 
ponents of any size or shape—from ser- 
vos to wiring harnesses—anywhere on 
the channel. Model changes are easy. 

UNISTRUT steel and aluminum 
channel in dozens of sizes . . . plus over 
1400 standard fittings are stocked by 
your local Unistrut distributor. See him 
or write for complete information. 


TO FRAME—panelboards, racks, cabinets, cubi- 
cles, stands, 3-dimensional breadboards. 

TO SUPPORT—controls, instruments, equip- 
ment, harnesses, panels, printed circuit card 
guides. 





Mr. Strut says: 
“Fast local service is a UNISTRUT plus. 
Everything you need is always in stock at 
your local Unistrut distributor—plus engi- 
neering help.” 


UNISTRUT. 


Pioneer in Adjustable Metal Framing 


UNISTRUT PRODUCTS COMPANY 


General Offices: 943 W. Washington Blvd., Dept. C, Chicago, III. 
Telephone: MOnroe 6-2665 Teletype (G 1329 


Stocking distributors in all principal cities of the 
U.S. and Canada. Exported throughout the world. 
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WHAT’S NEW 


GP Computer Designed 
‘As a System Component 





Artist’s conception of the 
new Packard-Bell computer 
(at left) with a block diagram 
showing how it might be 
used in a control application. 





























Flow sensors 








e purpose 
digital 


computer 


--> 
-_-> 
a 
--> 























LOS ANGELES— 


The general purpose electronic 
digital computer is rapidly moving out 
of the category of an office machine, a 
centerpiece designed to solve engi- 
neering, scientific, and/or business 
data problems. Computers have al- 
ready been installed or planned to 
control chemical processes, as part of 
automatic inspection operations, and 
to direct steel mill machinery. Last 
month another computer milestone 
was reached: Packard Bell Computer 
Corp. unveiled a machine designed 


used in a variety of military and in- 
dustrial applications. 

The artist’s conception of the ma- 
chine shows relative size. It was de- 
signed to fit a standard electronic 
equipment rack, requiring 314 in. of 
a standard 19 in. wide rack. 

¢ High speed—To perform its func- 





solely as a systems component to be y* 


> 














tion as a systems component, the new 
PB250 machine has some interesting 
design features. For example, it is 
fast. The solid state machine has an 
add time of 12 microsec, a multiply- 
time of 276 microsec, and a division 
and square root time of 252 microsec. 
Floating point operations require less 
than 3 millisec. 

At first glance, says Packard Bell 
Vice-President Max Palevsky, the 
speed looks excessive because most 
applications do notrequire such rapid 
arithmetic operations. But the speed 
permits the machine to be time-shared 
among a number of operations. For 
example, im an application such as 
indicated in the figure above, the com- 
puter may have to perform many 
computations for each variable from 
the sensors or to determine each valve 
setting. If there are even a moderately 
large number of sensors or valves, says 
Palevsky, a very fast machine is re- 
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in direct writing recording systems 





only Brush 


at 


designs 
specifically for mil specs 


From every nut and bolt to the shipping crate, fully militarized Brush Direct Writing 
Recording Systems are originally built to meet military specifications. 





That’s why they are performing every imaginable task of data acquisition and 
recording at U.S. and NATO installations throughout the world. These electric writing 
systems have proved their unexcelled reliability ... from the Operations Monitor 
that will record 120 separate operations at the instant they occur ... to the Analog and 
Sequence Recorder that simultaneously records both analog data and sequential events. 
And, they are built for maximum performance in the hands of non-technical personnel. 
Brush equipment is already at work putting evaluation data in writing for a whole new 
generation of weapons. When the weapons become operational, Brush MIL Recorders 
are a vital part of the system. This experience is unique in the industry. Before 
prototype design becomes a problem—call, write or wire Brush for complete details. 


—__brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS | CLEVITE)| CLEVELAND 14, OHIO 
Coseroeation 








in chart paper 


there 


IS 
Brush INSTRUMENTS 


. 
OivisiOn OF 
d iffe re | ( eC 37T™ AND PERKINS CLEVITE CLEVELAND 14, OHIO 


Only Brush Chart Paper is designed as an integral component of precisely engineered Brush Direct 
Writing Recording Systems. The full potential of these systems cannot be realized unless all 

of the original components are utilized. They’re engineered as a total entity. Imitation papers cannot 
match the precision ruling, dimensional stability and super-smoothness of Brush Chart Paper. 

Take no chances—specify Brush and you can rely on your records being accurate, permanent, easily 
read and easily reproduced. Stocks available from strategically located branches and 

sales representatives throughout the United States and Canada. 


of actual tracings on 


= ¥ Brush Chart Paper. 
: 4 i Ask for 
“Check the Record”. 


es | Write for samples 
j 
= ) 
\ 


boremety 0s 
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quired to handle them. 

Another unusual design feature is 
the memory. Packard Bell uses mag- | 
netostrictive lines mounted on plug-in 
modules for internal memory. The 
basic memory capacity is 1,808 words 
(with a 22-bit word) and is expandable 
to 15,888 words. In addition, an ex- 
ternal magnetic core memory can store 
up to 16,384 words. 

¢ Input-output—The PB250 has 
three independent input-output 
schemes. One, character input-out- | 
put, operates on characters of up to | 
eight bits in parallel. It can be used to 
process information to and from a 
paper tape reader and punch of a 
Flexowriter and to and from a key- 
board. A high speed paper tape reader 
and magnetic tape units are available. 
The machine can use up to six mag- 
netic tape units employing standard 
IBM 700 series format. 

A second method of input-output 
permits information to be entered and 
taken out of the computer serially at 
very high speeds—a 2-megacycle bit 
rate. A stored format can place input 
information in any configuration 
within the memory, while the same 
format acts to select the desired in- 
formation on output. This method is 
suited for punched card equipment, 
digital to analog converters, and high 
speed communication with other | 
digital parts of the system. 

The third scheme consists of 30 
input and 32 output lines that con- 
tro! and are controlled by the program. 
The input lines can be individually 
tested to determine the presence or 
absence of a signal and the computer 
program modified on the basis of this 
test. In this way feedback signals, 
timing signals, and the state of vari- 
ous devices in other parts of a system 
may be sensed. 

The computer can also place sig- 
nals on any of the 32 output lines and, 
further, the duration of these signals 
can be accurately timed for from 12 
microsec to 3 millisec. These signals 
can control the starting and stopping | 
of various equipments, the sequencing 
of stepping switches or electronic com- | 
mutators, and the overall synchroniza 
tion of complex systems. 

¢ Small component count—Another | 
attractive feature of the PB250 is the 
cost—about $30,000. One reason for | 
the relatively low cost is the small 
number of components in the ma- 
chine, less than 350 transistors. The 
computer runs on only 30 watts of de 
power, needs two voltages: minus 12 
and plus 6 volts, so the computer can | 
be powered by batteries. 
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ays 


RAMBLINGS ON 
INSTRUMENTATION 


Dear Mr. Ramblings, 


I am a young engineer hope- 
lessly in love with a Bangkok 
temple virgin sworn to a life- 
time of celibacy to guard the 
sacred flame of Oom Fat. I am 
faced with a $350,000 liability 
judgement caused by my maternal 
grandmother driving my new 
Triumph through Tiffany's show 
window in a fit of pique at 
being cut from the Olympic 
bobsled team. I can't seem to 
solve the flow measurement 
problem in the molasses tank 
at Plant Four and I've been 
blacklisted in three clubs for 
a slip of the lip while being 
interviewed by Jack Paar. 


Please, Mr. Ramblings, can 
you help me? How can I solve 
the flow measurement problem 
in the molasses tank at Plant 


Four? 
T) wow 


Dear Nervous, 


Your problem is, unfortunately, all 
too common. If you could but see the 
heart-breaking letters in our mail, let- 
ters from presidents, treasurers, engi- 
neers, and just plain Board Chairmen 

. all seeking the peace of mind that 
comes with accurate, dependable, auto- 
matic measurement and control of the 
flow of liquids. 


We can’t help but think what a bet- 
ter place this old world would be if 
everybody simply used Hays Veriflow 
and Veritrol meters and took their wife 
out to dinner once a week. But the 
obvious always escapes us, doesn’t it? 

For your information, Nervous, the 
Hays Veriflow and Veritrol meters used 
in combination provide pinpoint rate- 
of-flow measurement, control and total- 
izing. The Veriflow flowmeter handles 
practically any type of liquid. Every- 
thing, in fact, from acetone to xantho- 
phyll, including, of course, fish stick. 
We take the attitude that it’s none of 
our business why these things need 
measuring. If someone is nosey about 
the flow of xanthophyll, well, measure 


away, that’s our position. Just use a 
Hays Veriflow, Charlie, that’s all. 


The pin-point accuracy of the Hays 
Veriflow meter (within 2°, even when 
measuring trickles) is largely due to the 
nutating disc piston which displaces a 
positive amount of liquid every time it 
nutes. (A nute seems to be pretty much 
the same as a wobble but don’t try to 
tell our engineers that.) For an eye- 
witness view of a nute, see helpful illus- 
tration. 

MODEL 37!) VERITROL 


| =] — INDICATOR 
Peay _ SET POINT AQUSTMENT 
| ef! 
rf - @- Ph = 
GENERATOR 
Output ! Power 


y/ wT 
a 


( ad 


37) VERIFLOW 


_j— Flow 
VALVE 


NUTATING DISC 


BANANA 
Cin the midst of a nute) 


OlL OR WHAT HAVE YOu 


Helpful Illustration 


We can supply the Veritrol and Veri- 
flow meters custom embroidered and 
monogrammed for your application, 
however gooey or corrosive your liquid 
products may be. Our bulletin B347 
restates the foregoing more forcefully. 
Glad to send it along. Hope this has 
been helpful, Nerv. Tell Grandma to 
hang in there for ’64—bobsledding is 
riddled with politics. 


e Hays will conduct an experiment 
with frightening implications at the 
ISA Show in San Francisco May 10- 
12th, using our new suppressed zero 
O2 analyzer to analyze the breath of 
any passerby strong enough to blow 
up a balloon. Our first step in socio- 
logical research. 


A limited first edition of our new 
General Catalog is coming off the 
press (apparently an early Guten- 
berg model). First come, first served. 


iQ Yposes j 


\ 
President 


| THE HAYS CORPORATION «+ MICHIGAN CITY, INDIANA 
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miniature rack & panel connectors 


with POKEHOME contacts 


Solve space, weight and size problems with AMPHENOL’s new 
Min Rac 17 connectors, true miniatures with the “Big Plus” 
advantage of Poke Home contacts! Min Rac 17’s are rack & panel 
connectors ideally suited for today’s compact chassis designs, 
connectors half the size and weight of standards, delivering 
full size efficiency. And with the patented Poke Home contact 
concept (U.S. Pat. 2,419,018), Min Rac 17’s are easily, 
reliably assembled—contacts are crimped or soldered outside 
the connector body, then “poked home” for assembly. 

Min Rac 17’s are available in 9, 15, 25, 37 and 50 contacts 
in rack & panel, cable-to-chassis and cable-to-cable designs. 


Contacts are gold plated. Shells may be ordered with 


These remarkable connectors 
are available now—write 
for full catalog! 


| | WHAT’‘’S NEW 


Data on the Move 


New methods for transmitting 
data are unveiled: a digital 
system with industrial applico- 
tions and television over tele- 
phone long lines. 


Next month at Quantico, Va., U.S 
Marines will start evaluation of a 
strange new weapon: a digital system 
for sending battlefront information 
from front line scouts to battlefield 
commanders. Called BASIC, for Bat- 
tle Area Surveillance and Integrated 
Communications, the system was de- 
veloped by Stromberg-Carlson Div. of 
General Dynamics Corp. at its San 
Diego Div. 

It is one of several methods for the 
large scale transmission of data an- 
nounced last month. Two others: In- 
ternational Telephone and ‘Telegraph 
Corp. has built for the Air Research 
and Development Command a tele- 
vision system that can transmit maps, 
charts, and pictures over long tele- 
phone lines; Telectro Industries Corp. 
has built Telectrovision for an Air 
Force weather radar data project; it, 
too, can transmit photos or written 
data over long telephone lines. 

Both the ITT and Telectro Systems 
transmit pictorial data on telephone 
long lines instead of coaxial cable. In 
the ITI system an audio telephone 
line can be used for a two-way conver- 
sation to discuss the pictorial trans- 
mission. In the Telectro system one 
user of the system can tie in with any 
other merely by dialing in. And the 
picture can be stored in an electronic 
tube and viewed on demand. 

¢ Getting BASIC—Stromberg-Carl- 
son’s device is designed to be car- 
tied by scouts who would radio back 
specific information about targets, 


Target geographical location 


Target | L_ Horizontal 


SYMDO!S | ne MAP Coordinate | 
WW Ie) (4) (6) [7] 0) [0 


Target | 2 Vertical 
quantity | Map coordinate 
Target > 
movement +++ 1 | I] Time 
direction - = observation 
(compass | {7} (0) (2) [5] [3] {0} 

heading) 


Burst 
.. transmission 
button 








Stromberg-Carlson has built a BASIC readout 
unit for the marines that looks like this. 





Ib POWER 


IN SMALL PACKAGES 


HIGH POWER 


IN SMALL PACKAGES 
MIiGH POWER 


IN SMALL PACKAGES 
MicsMmMH F’-ovvVEF 


INN SMALL. PACKAGES 


reouoics‘ sri FF CoO UN/ Ee Fa 
IN SMALL PACKAGES 


Unhampered by traditional think- [] TELEMETERING TRANSMITTERS °”/"o15'\% 260 weeseycies 


ing, TELECHROME engineers have Ff new: :csat —4 watt FM Transmitter, Model 1463. Transmitter. 


“ 
aS 


developed an entirely new concept 
in telemetering equipment — un- 


equalled in compactness, rugged- Mer n2Me na BIYja" x 3140" x4" 


Features AFC for .005% stability 15 te 30 Watts 


ness and dependability. Model 1466A-AF Amplifier 


oS ; 
“ + os 


MANUFACTURING CORP ; ee 3.37” x 3.25” x 2” 6.5’ x 4’’ x 3.25’ RF Amplifier 
2 Watt input; 10-30 Watt output 2 watts in — 100 watts out 
FOR MESSAGES FROM OUTER SPACE 


2 Transmitter. — Sub-Carrier Oscillator 
TELEMETRY « COLOR TV « INDUSTRIAL INSTRUMENTATION adel SS oe 


28 RANICK DRIVE, AMITYVILLE, N. Y. Lincoln 1-3600 
Cable Address: COLORTV TWX: AMITYVILLE NY2314 
WESTERN ENGINEERING DIVISION + 13635 Victory Bivd. 
Van Nuys, Calif., STate 2-7479 
MIDWESTERN ENGINEERING DIVISION * 106 W. St. Charles Rd. 1.5” «1.0% 2. 


Lombard, Ill., MAyfair 7-6026 6 x 4%" x 3%” Dev. Stab: + 1% 
SOUTHWESTERN ENGINEERING DIVISION + 4207 Gaston Ave. 50 to 80 Watts Dev. Linearity: Less than 1% band width 
Dallas, Tex., TAylor 3-3291 vest 
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differentials under 
high pressure with 
| 0.5% accuracyn.e:. 


| 
, measure small 
| 
| 


Now 


the Now W &T nu: pressure. 


LO DIFFERENTIAL GAUGE | 


Where the accurate measurement of small differentials at high 
pressure is vital—for example, in the precise measurement of gas 
or liquid flow—the W&T FA-236 Hi Pressure-Lo Differential 
Gauge meets the most exacting demands. You get these unique 
features: 


Accuracy 1/200 of full scale range 
Sensitivity 1/1000 


STANDARD RANGES OF THE 
HI PRESSURE-LOW DIFFER. 
ENTIAL GAUGE ARE: 


* 2 p.s.i. differential at pressures to 
50 p.s.i. 


* 5, 10, and 20 p.s.i. differentials at 
pressures to 300 p.s.i. 


Rugged construction 


Fully temperature compensated 


External zero adjustment 


* 
* 
* 
* Custom-calibrated dial 
* 
* 
* 


Withstands full static pressure 


The only parts of the mechanism exposed to corrosive gases and 
liquids are made of stainless steel, beryllium copper, and Ni Span 
C.* These materials mean safe operation in 

the higher pressure ranges. For full 

information, writeDept. A-126.28. 


*Registered trade mark, 
International Nickel Co. 








WHAT’S NEW 


their location, and movement. It con- 
sists of a digital message entry device, 
a Charactron tube display for visual 
readout, and an electric typewriter for 
a permanent record. The entry device 
plugs into any existing radio or com- 
munications system. Its transmission 
takes up so small a part of the band 
that voice transmission can be made 
at the same time. 

Powered by batteries, the entry de- 
vice sets up its information with three 
rows of seven switches, then puts out a 
serial type of transmission. Actual 
sending is performed in a single short 
burst. Information is displayed on the 
Charactron tube within 3 sec of its 
being sent. 

Optically registered to the display 
face of the viewing tube is a standard 
military map. After target location 
symbols are positioned geographically 
on the map, alphanumeric characters 
and symbols appear to indicate type of 
target, position, target quantity, di- 
rection of movement, time of obser- 
vation and identity of the observer. 
Up to 50 targets can be displayed on 
one map. 

Stromberg-Carlson envisions a flock 
of industrial and commercial applica- 
tions for BASIC. For example, banks 
might use the system to speed cus- 
tomer credit checks, and _ factories 
could use it with a computer for pro- 
duction control. 


Temco Diversifies: 
Centralized Control for 
Coin Laundries 


DALLAS— 
Aircraft company diversification 
took another strange bounce last 
month. Temco Aircraft Corp.’s indus- 
trial division announced a central con- 
trol system for coin-operated laun- 
dries. Incorporated into a single ma- 
chine, the system makes change, stores 
collections, and activates a battery of 
laundry and drying machines. 

The control system is divided into 
three separate circuits. Each circuit 
has its own coin receiver, can control 
up to 26 machines so that the central 
unit can handle up to 78 laundry ma- 
chines. Each machine—washer or 
dryer—is connected to the central con- 
trol by four wires. 

Here’s how the system performs 
After a customer has deposited the 


WALLACE & TIERNAN INCORPORATED | proper change into the central con 


| trol machine and pushed the button 
25 MAIN STREET. BELLEVILLE 9. NEW JERSEY | corresponding to the machine being 


used, the central control counts the 
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the instruments 
the computer 


the systems 
engineering... 


now Foxboro brings you all three 


, 
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A dynamic new force in computing control is 
now available to the process industries. 
Foxboro, and the Radio Corporation of America, 
contributing their individual capabilities, 
bring industry its first completely 

integrated computing control system. 

From Foxboro, the instrumentation, the 
knowledge of process dynamics. From RCA, 
the digital computer, and its special 

electronic techniques. A breadth and depth 
of talent available with overall systems 
responsibility through The Foxboro Company, 
When you are investigating the feasibility 

of computing control, look into this new force. 
The Foxboro Company, 365 Norfolk Street, 
Foxboro, Massachusetts, U. S. A. 


FOXBORO 


REG. U.S. PAT. OFF. 
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AZ ANELEXN 


Patt: 
Hoag ~ ‘ 
a) 


What is ANELEX 


High Speed Printing? 


Z\ Up to 320,000 numeric or 240,000 alpha-numeric char- 


acters per minute. 


Z\ Perfect alignment, fully formed characters, multiple copies 


and precise conformity to the most complex preprinted forms. 


A Reliability proven by ten years’ experience and assured by 


use at Scientific, Military, Commercial, Industrial, Insurance 
and Banking installations. 

Anelex High Speed Printers print from magnetic tape or 
“on-line” from data processing systems ...on single or 
multiple carbons, pressure sensitive papers, heat transfer type 
Papers, preprinted forms or card stock. All Operator Controls 
are easily manipulated by office personnel without specialized 
experience or skills. 

For systems designers, Anelex Printers provide the widest 
possible choice of capabilities, because standard production 
modules can be combined to meet almost any specifications 
as to: operating speeds (up to 2,000 lines per minute), number 
of columns (8 to 160), number and type of characters per 
column (up to 66) dimensions of pre-printed forms (up to 
20” x 22”). 


for further information, write or telephone 


ANELEX CORPORATION 


150-D CAUSEWAY ST., BOSTON 14, MASS. 





CIRCLE 40 ON READER SERVICE CARD 


WHAT’S NEW 


Temco’s coin control 


coins, makes change if necessary, ac- 
tivates the machine, and starts it on its 
sequencing cycle. 

One of the key parts of the control 
is the coin receiver, being supplied 
by National Rejectors, Inc. The re- 
ceiver has a counter and five small 
miniature switches to energize the 
laundry machine aid to make change. 
By flipping a switch the owner of the 
equipment can change the action of 
the counter to increase or decrease by 
a nickel the cost of using the machine. 

One reason laundry operators have 
shown interest in the central control 
is that they feel it will cut down 
vandalism on the coin meters currently 
installed on each washer and dryer. 
Another advantage is that the central 
control incorporates change making 
capabilities so that the owner of a 
laundry does not need a_ separate 
change maker tying up $100 to $150 
in change. 

To make change the machine has a 
special tube into which move the first 
60 nickels deposited by customers. 
Overflow after that and other coins 
move directly to a safe built into bot- 
tom of the central unit. The safe is 
divided into three compartments so 
that the owner can tell the business 
each battery of machines is doing. 

Temco is now producing 250 of the 
new central control machines. The 
system is the first company developed 
commercial item since the Industrial 
Div. was formed several months ago. 

—Marvin Reid 
McGraw-Hill News 
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NEW DIMENSIONS 
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configurations obtainable in aluminum, stainiess steel, beryllium or zirconium alloys. 





SIZE 28 SIZE 37 ; 
Tandem unit. Transmitter and Resolver. _ Accuracy: 4° max. error. 
A WIDE VARIETY OF BORES ano STACK HEIGHTS, widths and diameters 


available from existing laminations. Below are some examples. Let us know your needs. 
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The bonded strain gage 
makes the difference 
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SR-4® Transducers and Systems (see 
opposite page) are used wherever ac- 
curate measurement and control of 
weight, thrust, pressure or torque 
are required. 

Their growing importance on the in- 
dustrial and military scene is due largely 
to a unique combination of ruggedness 
and high accuracy which results from 
the use of a truly ideal transducer sens- 
ing element . . . the SR-4® bonded fila- 
ment strain gage. This postage-stamp- 
size device, well known to stress ana- 
lysts and structural designers as a 
precision laboratory tool, performs an 
equally important, and more permanent, 
function when bonded inside hermeti- 
cally sealed load cells, pressure cells, 
and torque pickups. 

There it translates minute, force-in- 
duced strains into proportional changes 
inasmall electric current flowing through 
its grid. Detected and amplified, these 
signals are used to actuate indicators 
and/or recorders and to control a 
variety of functions and processes. 

Thanks to the bonded strain gage, 
SR-4® transducers provide advantages 
unmatched by any other commercially 
available device. 

e@ High accuracy (to +0.1% or better) 

e Excellent linearity and repeatability 

e Rugged construction—no moving parts 
to wear or maintain 

Hermetically sealed—unaffected by dirt, 

moisture Or corrosive vapor 

Consistent performance, unit to unit | 

Infinite resolution 

Maximum flexibility of application and | 

installation 
SR-4® Transducers, or an SR-4® System may 
be ay suited to your requirements. 
For additional information on weight, pres- 


sure, thrust or torque measurement, write | 
Dept. 6-E. 


FIRST in force measurement 


BALDWIN -LIMA-HAMILTON 


Electronics & Instrumentation Division 
Waltham, Mass. 


SR-4® Strain Gages « Transducers e Systems 
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EUROPEAN REPORT 





Will a Government 
Automation Center Break 
Britain's Information Bottleneck ? 


A top British control consultant claims slow progress 
in industrial controls over past five years is the 
result of poor information flow between maker and 
user. A proposed center may speed progress. 


LONDON— 

When first introduced to Britain at 
a conference back in 1955, the words 
“automation” and “control engineer- 
ing” excited British industry, pro- 
duced special supplements in the daily 
press, and started equipment makers 
hastily reorganizing in readiness for 
what they expected would be a flour 
ishing field. 

But five years and some extensive 
reorganization later, the hoped-for or- 
ders are not rolling in at the expected 
rate. Control equipment sellers find 
rough going as they try to crack tra 
ditional British conservatism. 

Reasons given for the order famine 
range from diminished enthusiasm 
through lack of information feedback 
between user and maker to lack of 
graduate engineers in the production 
field (only 10 percent of British grad- 
uates take up production engineering). 

*A government center—Leading 
solution coming out of industry now 
is the suggestion that a National Au- 
tomation Center be set up as part of 
the government sponsored Dept. of 
Scientific and Industrial Research 
(DSIR). It would probably be located 
close to Britain’s National Physical 
Laboratory. ; 

Specialists in each of the automation 
fields would staff the center and would 
field incoming queries from industry. 
A permanent exhibit of typical appli- 
cations in each field—with a break- 
down of the economic advantages of 
controls—would be aimed at selling 
industry brass. 

A second answer may come out of 
the recent move by Production Engi- 
neering Ltd., one of Britain’s larger 
consulting firms, which is setting up a 
section for automatic inspection sys- 
tems. Says David Nicolson, managing 
director, “we want to generate in the 
industry the same enthusiasm for au- 
tomatic inspection as British indus- 
try now has for the currently fashion- 
able diversification rage. Money spent 
on modernizing the existing methods 


can eliminate the need to diversify.” 

¢The scoreboard—But just how 
much has been done in the past five 
years? CtE asked one of Britain’s top 
control consultants, Dr. David Foster, 
for his verdict. According to his sur- 
vey of 100 British firms, “Britain is 
strong in ideas, but user industry lags 
in their adoption. On the average it 
is two to five years behind the U. S.” 

Dr. Foster divided the field into 10 
basic areas and summarized their posi- 
tion for CtE. Following each _per- 
formance rating is a capsule rundown 
on the achievements to date. 

> Batch process sequencing and dis- 
pensing control—good progress 

This sector is forging ahead, espe- 
cially in automatic dispensing of solids 
and liquid mixes according to punched 
card and tape recipes. Wide accept- 
ance of these technques is largely due 
to adoption of simple telephone tech- 
niques involving stepping switches in 
standard functional units. The second 
phase—solid state actuator monitoring 
systems—is now being introduced. 

> Computer controlled processes— 
still exploratory 

Most chemical and petroleum com- 
panies are still engaged in exploratory 
simulator studies, placing Britain a 
couple of years behind the U.S. in 
this work. A recent symposium (CtE, 
July ’59, p. 40) showed steady work 
on the theory but little application. 

> Machine tool control—little com- 
mercial penetration 

Other than point-to-point position- 
ing for jig borers and spotting tables, 
most pyojects are still restricted to 
manufacture of special parts for air- 
craft. Commercial applications are still 
firmly wedded to older copying tech- 
niques. What development engineers 
are searching for now are cheap sys- 
tems. Their target is $6,000 per di- 
mension with 0.002-in. accuracy. 

> Automated shipbuilding—a good 
start. 

Elimination of the moulding loft is 
planned based on the use of computers 


CONTROL ENGINEERING 





The bonded strain gage 
makes the difference 





SR-4° system measures ladle additives automatically, 


helps turn out better ingots 


A new means of adding ferro-alloys 
to steel automatically as it is poured 
from the ladle is quietly revolution- 
izing open-hearth steelmaking. 


In developing its new Ladle-Addi- 
tions Feeder, Blaw-Knox engineers 
turned to Baldwin-Lima-Hamilton 
for a rugged, accurate weighing 
system which would operate de- 
pendably under conditions where 
shock, overload and temperature 
change are the rule rather than the 
exception. The resulting system, 
now helping to save production time 
and improve steel quality in many 
installations, utilizes four 20,000-lb. 


Electronics & Instrumentation Division « Waltham, Mass. 


SR-4°® Strain Gages 


MAY 1960 


SR-4® load cells on each additive bin. 
They send accurate weight signals to 
a B-L-H indicating and control sys- 
tem, which automatically feeds addi- 
tive in precise amounts by weight. 


In this, as well as countless other in- 
dustrial applications, it is the SR-4® 
bonded strain gage which provides 
the required accuracy and depend- 
ability. Let B-L-H engineers solve 
your force measurement problems. 


Two SR-4® load cells in adjacent bins of a 
Blaw-Knox Ladle-Additions Feeder. Spe- 
cial B-L-H system filters out vibration and 
shock signals, sending only precise weight 
data to instrument panel. 








e Transducers « Systems 
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FREQUENCY 


NEW 


low cost 


multi-purpose 


electronic 
counter 


in line 
NIXIE 
ig=tolelelele 


Model 720 events-per-unit-time counter is specially designed for 
industrial and laboratory uses where unusual flexibility is required. 
The unique modular construction permits the measurement of virtu- 
ally any physical variable, such as rate of flow, RPM, frequency or 
time interval. NIXIE in-line readout is easy to read and reduces oper- 
ator fatigue and the chance for error. Simplified construction permits 
operation by relatively unskilled personnel. Low Cost starts at $475 
for the 3-decade model. Send for complete technical literature. 


DECADES: 3,4,50r6 
FREQUENCY RANGE: 0 to 120,000 pulses/sec. 
SENSITIVITY: 50 Millivolts RMS 
ACCURACY: + one count + time base error 
DISPLAY TIME: 0.2 to 6 sec. or infinite 
SIZE: 19” x 514” x 12” 
WEIGHT: 25 Ibs. 


ERIE-PACIFIC manufactures a complete line of digital counting 
and timing instruments and systems for military or commercial use. 


”" ERIE PACIFIC DIVISION 
i ERIE RESISTOR CORPORATION 
ut é 12932 S. Weber Way, Hawthorne, California 
INSTRU/MATION 


Phone: ORegon 8-5418 
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WHAT'S NEW 


to calculate ship plate profiles coupled 
with automatic flame cutting systems. 
> Automatic inspection—lagging 

The delay in this field is caused by 
Britain’s lack of production runs long 
enough to approach the breakeven 
point for introduction of automatic 
techniques. The British market is 
looking for a machine that is adapt- 
able for batch production runs of 
1,000 or so. If successful, one new 
approach may cause Britain to leap- 
frog everybody: the use of optical 
techniques for dimensional inspection 
without jigging the product. 

> Automatic assembly—little move- 
ment 

Low labor rates for semiskilled work- 
ers still fail to make automatic as- 
sembly attractive economically. What 
little activity there is in radio set 
production, for instance, follows 
American practices. 

> Automatic identification—set 

Set to break in the U.K. now is the 
identification of shapes and code 
marks on mixed products flowing on 
conveyor lines. Also, a coded photo- 
electric recognition system on London 
buses gives centralized information on 
bus positions along their routes. Ex- 
perimental studies are under way fot 
railroad marshalling yards. 

P Automatic warehousing—ready 

Britain lags behind the U. S., but 
current high user interest and the set- 
ting up of a new British combine with 
a license from Industrial Electronic 
Engineers, Inc. of N. Hollywood, 
Calif., (CtE, March ’60, p. 206) is 
expected to move this category up the 
list of practical automation hardware 
within the next few years. 

P Road traffic control—a new entry 

Necessity from the threatened 
strangulation of the country’s road 
system by increased automobile pro- 
duction will call for highly automatic 
trafic signal control. A concentrated 
effort here would give the U.K. a lead 
in this field. 

> Monitoring production flow items 
—a good start 

The steel industry has applied auto 
matic monitoring to keep tabs on bil- 
lets flowing through the mills. Since 
these systems are basically pioneered 
by the DSIR, this is likely to spread 
fast to other industries. 

Dr. Foster blames Britain’s overall 
patchy performance directly on a lack 
of information flow between manufac- 
turer and user. Each has been waiting 
for the other to say what is wanted or 
what can be done. That’s why he’s 
sponsoring the national center as a 
means for getting the two together. 

—Derek Barlow 
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and Powerful 


REGULATED POWER SUPPLY 


Continuously Adjustable O to 300v, dc, at 200 ma * 


plus ...-150v, de, at 5 ma 


... two 6.3v, ac, unregulated outputs at 5a each 
(may be connected in series or parallel) 


... all from a compact package 


120 Watts in 0.2 Cubic-Foot Package. . . Excellent performance is obtained by using two 
regulator circuits. A high-efficiency controlled rectifier maintains the 
optimum operating voltage for a series regulator, regardless of line- 





voltage changes, load changes, or changes in output voltage setting. 
Wide-band regulator circuits and high-frequency by-passing of the out- 
put make for low output impedance over a wide frequency range. A 
large capacity fan provides cooling without dependence on convection, 
permitting the stacking of any number of units. 













































































Ripple: less than 1 mv (120c) 











Regulation: 0.75v for +10% line change: 0.lv from no load to full load 


Regulator Block Diagram Output Impedance: Approximately 0.32 plus 10 wh 














Type 1205-B Adjustable Regulated Power Supply........$290 


Write For Complete Information 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 





NEW YORK, WOrth 4-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES IN CANADA 


istri ice in Ri n v: Oak Park Abington Silver Spring Los Altos Los Angeles Toronto 
mise Witncy 3.4140 4.5. Vitoge 8-9400 HAncock 4-7419 IUniper 5-1088 WHitecliff 8-8233  HOllywood 9-6201 CHerry 6-2171 
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Judging by 
the Company 
We Keep... 


. “the Company We Keep” are 
keenly aware that high-density 
Pneumatic Control Circuits require 
manufacturing experience and 
know-how. 


At the drawing-board level, the sys- 
tem must be laid out with complete 
understanding of ultimate field 
service demands. 


q . ®. e 
ee 
FF ere LET EN 
a ee bee 


Carrs 
o- Fett 


3 
4a 4 


At the shop-floor level, experienced 
technicians must employ the sound- 
est procedures known to the craft. 


So that, in the end, a complex 
system is produced in its simplest, 
most functional form. 


The extra care given to these mat- 
ters assures “the Company We 
Keep” that their control systems re- 
flect the best abilities of the indus- 
try. 


Will you join this distinguished 
group by requesting an Electro- 
Mech quotation on your next re- 
quirement? 


Electro-Mech Corp., Norwood, N. J. 
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AROUND THE BUSINESS LOOP 


Putting Customer Satisfaction 
Where it Belongs— 
On Application Engineering 


Adage has a unique way of 
insuring that its application 
engineers are satisfied with the 
design of the complex subsystems 
delivered to their customers: the 
application engineers design the 
units themselves and then per- 
form final trouble shooting. 


BOSTON— 

A good application engineer knows 
exactly what his customer needs from 
a complex custom built subsystem like 
a digitizer—what special functions the 
equipment has to perform, what 
unique requirements have to be met. 
But the application engineer, and the 
customer, is not always happy with 
what an engineering department pro- 
duces. Recognizing this conflict, 


Instructions for wiring cable 
harness are contained on 
magnetic tape. 


Adage, Inc., a three-year-old manu 
facturer of digitizing equipment came 
up with a unique solution: the com 
pany has made its application engi 
neers responsible for the design of the 
subsystems they have to sell. 

Here’s how it works. The company 
has designed standard functional cit 
cuit modules and reproduced the cir- 
cuitry on transparent adhesive stickers 
that can be applied on a piece of trac 
ing paper. The application engineer 
custom designs a digitizer by choosing 
the right stickers, applying them to a 
drawing, and then connecting them 
properly. The technique has cut de 
livery time in half. 

To understand the why of this ap- 
proach you have to take a look at 
Adage’s business. Selling for an average 
of $7,000 a piece, the company’s 
digitizing products are called on to 
perform a variety of functions such as 
analog to digital conversion, digital to 


Circuit modules printed on 
stickers are selected and 
laid out by the application 


engineer 
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This flexible, 
compact 


COUNTDOWN 
PROGRAM 
TIMING 
SYSTEM 


typifies the versatile 
control and data 
systems Dymec 
builds for 


industry today 


IN USE TODAY 


ID YN LE C 


AL PAI 





e Precise timing through use of crystal time base 
and digital circuitry 


e Flexible, yet simple to use 
e Built-in fail-safe and self-check features 


e Based on standard Dymec component instruments: 


of proven reliability 


e Readily adaptable to many other timing and 
control applications 


at a major missile test facility, the DY-5175 Countdown Program 
Timing System produces highly-accurate, predetermined control 
intervals for remote electrical actuation of motors, valves, cameras 
and control circuits. In the control of countdown functions, this 
System programs 15 multi-contact, heavy-duty relays in sequence, 
with time of operation of each control relay adjustable in milli- 
second increments. 

The DY-5175 consists basically of a 5-decade preset counter with 
digital comparators, and 15 channel control circuits. At time-zero, 
the counter begins counting a crystal-controlled reference signal; 
when the count reaches the 5-digit number representing program 
elapsed time for each channel, the comparator initiates operation of 
that channel. Control functions can be started or stopped at any 
predetermined time setting. Signal lights indicate operation of the 
channel circuits and the output control relays. A built-in Safe/ 
Armed test circuit permits making a “dry-run” prior to an actual 
countdown operation. 

Safety features include a two-key start switch, a hold-to-operate 
switch, guarded time-interval switches and control relay safety 
plugs. 

For counsel on systems appropriate to your needs, write direct 
or call your ® Dymec representative. 


A DIVISION OF HEWLETT-PACKARD 


O ALTO, CALIFORNIA, U.S.A 


Dymec / Mp field representatives in all principal areas 6313 


MAY 1960 
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DECISION MAKER 


for simplified monitoring, 
controlling, high-precision switching 


Normal/abnormal high/low . go/no-go: these are 
important decisions being made by A.P.I. Very High Sensitivity 
Measuring Relays. 

Direct from sensory elements or circuits, the A.P.I. measuring 
relay makes a decisive “yes or no” decision on the basis of very 
close-tolerance voltage or current changes. In typical, critical 
applications, this measuring relay is saying “yes or no” on a change 
of +1 microamp; or in a 400- to 500-volt circuit, on a variation 
of only a few percent. 

Moreover, the relay is capable of actuating on very tiny cur- 
rents: for example, total inputs as small as 0.2 microampere or 
0.1 DC millivolt. It does so without signal amplification, amplifier 
costs or the signal distortion problems that often go along. 

Performance stability is inherent; reliability is exceptional due 
to the A.P.I. locking-coil design. On “make”, contact is firm with 
substantial contact pressure; contact resistance is low. On “break”, 
separation is clean and quick without contact teasing. 

10,000,000 perfect operations is not an all-time record; it’s a 
reasonable expectation of service life. 

Widely used for precision switching in computer, control and 
alarm circuits, VHS measuring relays are practically unlimited in 
scope of application. 


For more information, send for Bulletin 104-D. 
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ASSEMBLY PRODUCTS, INC. 


| | WHAT’S NEW 


analog conversion, high speed multi- 
plexing of analog signals, limit testing 
-~go/no-go checks, output drive am- 
plification, and arithmetic operations. 
Of the first year’s production, almost 
every unit was slightly different from 
any other, although all of them used 
certain common circuits. That's when 
Adage President F. Mansfield Young 
came up with the sticker idea. 

The company chose 38 modules 
that seemed to be used frequently, 
reproduced the circuit diagrams on 
the stickers. Eventually the company 
will have 60 standard modules printed 
on stickers. To make the circuit tags, 
a draftsman first draws the circuit 
diagram five times final size. A com- 
mercial printer then reduces the draw- 
ing to a photo-offset plate and prints 
the circuits on plastic which has an 
adhesive backing. Cost of a single 
sticker is about 10 cents when printed 
in lots of 300. 

* Jig-saw pasteup—T’o design a spe- 
cific digitizer the application engi- 
neer studies customer specifications 
to decide which of the standard mod- 
ules are required. If the application 
requires a module that is used rarely 
and no sticker has been printed, the 
engineer will have to draw that circuit 
by hand. After laying out the stickers 
on the drawing board and moving 
them around until he finds an opti- 
mum layout, he pastes them down. 
Then he adds any special items that 
have to be hand drawn. And finally 
he makes the proper wiring connec- 
tions by drawing pencil lines between 
the proper pin connectors. 

Because the actual digitizer is built 
from the pasteup drawing, no other 
drafting time is required. Adage found 
that it has cut drawing preparation 
time to two days from the 8 to 12 
it formerly took a draftsman to pre- 
pare production drawings. 

¢ Production tricks—Once the appli- 
cation engineers started designing 
with stickers, Adage executives took 
another look at the company’s pro- 
duction techniques, looking for ad- 
ditional production time savers. As 
a result the company divided its pro- 
duction department into two major 
groups: one produced the printed cir- 
cuit modules on a production line 
using conventional electronic manufac- 
turing practices; the other builds wir- 
ing harnesses to match the application 
engineers’ drawings. 

In this last operation Adage adopted 
a neat twist: the circuit wirer receives 
instructions from a magnetic tape in- 
stead of following a circuit diagram. 

When the application engineer fin- 

(Continued on page 191) 
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Hermetically 
Sealed Resonant Reed 
Relay 


Multiple frequency reed relay 
for Commercial Applications 


) 


AMPERE TURNS 


WORLITZER 


DR-5U RESONANT REED RELAY 


A Reliable Miniaturized Relay Featuring 
Anti-Vibration Design and Application Flexibility 


This new Wurlitzer Reed Relay incorporates shock and vibration 
resistance, zero mechanical coupling to support, and closely 
controlled response and hold regions. 


Twin reed configuration based on tuning fork concepts makes 
the Wurlitzer Reed Relay highly resistant to false operation 
from shock or vibration. 


Sensitivity at the 2% bandwidth level is less than 1.0 milliwatt. 
32 channels at 4% increments between 300 to 1000 cps. 


Frequency variation is less than 1/2% from — 60°F to +150°F. 


Has application in: ¢« Frequency Sensing and Measurement 
* Selective Tone Communication and 
Control Systems 
* Frequency Generation 
« Controlled Sequence Contacting Applications 


Size lsh” x ve” = ve” —Weight 10/7 Grams 


Available in uncased, hermetically sealed, and plug-in models for frequency 
range of 300 to 1000 cps. Other frequencies available. 


Inquiries Invited 
: Geis i ELECTRONICS AND DEFENSE 
7 


RESPONSE PRODUCTS DIVISION 


THE WURLITZER COMPANY 
NORTH TONAWANDA, N. Y. 


ae ae n 
PER CENT PRIQUENCY DEVIATION 


 WuRLIZER fees 
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-Newest NAMCO 


Snap-Lock Limit Switches, developed by National Acme to meet rigid specifi- 
cations, have become industry’s standard for reliable “‘machine life’ service. 
Latest and most advanced in the complete line is the SL2. Built with machine 
tool precision and ruggedness, it will give millions of fast, accurate contacts. 
Furthermore, it is water and oiltight and can stand the bruising conditions 
imposed by heavy-duty machine applications. You owe it to yourself to closely 
examine the combination of performance characteristics that assure completely 
reliable limit switch performance under the most extreme operating conditions. 


Closely Check These Outstanding Features 


\ 23° TO TRIP 
‘ 


67° OVER TRAVEL + 
(TRIPPED) 











90° FREE TRAVEL 
(NOT TRIPPED) 











1. Flexible Operation . . . To meet the requirements 
of any application, standard cam blank (above, left) 


4. Light Operating Pressure . . . Tripping action re- 
quires only 124% pounds at 1% inch radius . . . 50% 


can be cut into a wide variety of configurations in- 
cluding those shown. Interchangeable, these cams 
provide positive control of contact sequence; permit 
tailoring switch performance to individual jobs. 


2. Ample Overtravel and By-pass . . . Sixty-seven 
degree overtravel . . . 90° by-pass . . . 180° arc. 


3. Clockwise or counterclockwise motion . . . Convert- 
ing from clockwise to counterclockwise motion takes 
but a few seconds. 


less than previous models. Overtravel reduced so as 
to require only 8 pounds at 1% inch radius. 

5. Shock-proof Design . . . Positive mechanical lock 
mechanism withstands shock and vibration. 

6. Fast Contact Action . . . High make-and-break 
contact speed permits use in unusual applications. 

7. High Contact Pressure . . . Contact bounce mini- 
mized by use of new contact material that permits 
15 oz. contact pressure. 


Write for Bulletin EM-SL60 containing complete detailed information 


The National 
Acme Company 
165 E. 13lst Street 


Ac im Cleveland 8, Ohio 


Sales Offices: Newark 2, N.J.; Chicago 6, lll.; Detroit 27, Mich. 
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THE NATIONAL ACME 
CLEVELAND, OHIO 
MADE IN USA. 
PAT. PENDING 
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Pioneer V 
Paddlewheel Planetoid 
Is Vaulting 
Through Unexplored Space 
Toward The 
Orbital Path of Venus 


At this moment Pioneer V, one of the most advanced space 
probe vehicles ever launched, is on a course toward the path 
of Venus—26 million miles from earth. Blasted aloft March 11 
by aThor Able-4 rocket booster, this miniature space laboratory 
will reach its destination in about 130 days. 

The project, carried out by Space Technology Laboratories 
for the National Aeronautics and Space Administration under 
the direction of the Air Force Ballistic Missile Division, may 
confirm or disprove long-standing theories of the fundamen- 
tal nature of the solar system and space itself. 

Energy from the sun—captured by almost 5,000 cells 
mounted in the four paddies—is used to supply all of the elec- 
trical power to operate the sophisticated array of instrumenta- 
tion packed into the 94-pound spacecraft which measures only 
26” in diameter. 
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By combining a phenomenal digital electronic brain (telebit) 
with a powerful radio transmitter inside the satellite, STL scien- 
tists and engineers expect to receive communications from 
Pioneer V at their command over interplanetary distances up 
to 50 million miles. 

STL’s technical staff brings to this space research the same 
talents which have provided over-all systems engineering and 
technical direction since 1954 to the Air Force missile pro- 
grams including Atlas, Thor, Titan, Minuteman, and related 
space programs. 


Important positions in connection with these activities are now availa- 
ble for scientists and engineers with outstanding capabilities. Inquiries 
and resumes are invited. 


SPACE TECHNOLOGY LABORATORIES, INC. 6p 


Los Angeles e Santa Maria e Edwards Rocket Base e Cheyenne 
Cape Canaveral e Manchester, England e Singapore e Hawaii 


P. O. Box 95004, Los Angeles 45, California 
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Precision Film advantages offered economically 
by IRC Stabaloy* Resistors with TC not exceeding 150 ppm 





IRC Stabaloy resistors feature an element produced by 
an exclusive IRC process. It is free from the inherent 
problems associated with wire wound precision resistors, 
and provides a saving of over 50% in size and weight. 


Capacitance and inductance are inherently low so that 
Stabaloy resistors are ideal for high frequency applica- 
tions. Voltage coefficient is negligible. 


IRC Stabaloy resistors have a maximum temperature 
coefficient of +150 ppm, and they provide the operating 
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characteristics of precision resistors costing much more. 


IRC Stabaloy resistors are available in 3 standard 
sizes— 4 watt, 144 watt and 4 watt. The illustrations 
above are actual size. Standard tolerance is +1.0%. 
Tolerance of +0.5% is available. For most of the advan- 
tages of precision film resistors at an economical price, 
examine carefully the characteristics of IRC Stabaloy 
resistors, Write for Bulletin AE-10. International Resis- 
tance Co., Dept. 244,401 N. Broad St., Philadelphia 8, Pa. 
“Registration pending. 
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FREQUENCY IN MEGACYCLES 


Leading supplier to manufacturers of electronic equipment 
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pECIFICATIONS: \BM YAU DATA 


core storage — 20000 digits advanced prog’ y 

automatic sparen ree programm Fortran and lic prog’ 

High comput! g spe —20 microsee machine cycle compatib! ty th other co rs throug" Fortran 
powerful instructions with two data addresses simple ©° sole W th logginé features 

Decimal and alph bet Self checking hroughoU 

variable tield and record length—2ny Pay numbers Transistor circuitry 


The 1620 will meet technical computing requirements too complex for the conventional desk-tyPe calculator: \t provides 


many aavantages of larger systems at 4 much jower cost. In addition, it can be rt: support other data processing 







Heat Load 
weight current Power interconnecting specification 
Requirements cord cable BTuU/ Hr 
1620 ‘ ’ : 10’3-Wire 
si for 115 and 
230 Volts 
10 Amps 230 Volts, 10’ out 
single phase P 
6.5 Amps-, 208 Volts, 10’4-Wire 
three phase for 208 Volts 


1621 y2-0) _—_ — — 2,000 
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FREE YOUR ENGINEERING STAFF 
FOR MORE CREATIVE WORK... 


i BM 162 Distisese, DESK-SIZE COMPUTER 


RELIEVES YOUR STAFF OF TIME CONSUMING WORK 
.-- SOLVES WIDE RANGE OF SPECIALIZED PROBLEMS 


Problems that used to tie up your engineering staff for days can now be solved 
... with electronic accuracy ...in minutes! The IBM 1620 is a low-cost, desk-size 
engineering computer that solves a tremendous range of routine and specialized 
engineering problems quickly and easily. The 1620 offers you an economical 
way to increase staff productivity, helps pave the way for profitable growth. 


The 1620 is easy to learn, easy to operate, easy to communicate with. It adapts 
readily to specialized and general problems such as design development, blend- 
ing problems involving matrix arithmetic, research calculations with differential 
equations. It facilitates the development of mathematical models for plant and 
shop operation, and evaluation studies employing statistical techniques such 
as regression analysis. 


IBM also makes available a comprehensive library of mathematical routines and 
programs as well as reliable customer engineering. These services supporting 
the 1620 are an important part of IBM Balanced Data Processing. They make it 
easy for you to make full use of the 1620 in your operations without delay. Like 
all IBM data processing equipment, the 1620 may be purchased or leased. 


BALANCED DATA PROCESSING 


Dept. 805 

international Business Machines Corporation 

112 East Post Road, White Plains, N. ¥ 

Please send me further information and complete specifications for 
the IBM 1620 Engineering Computer. | am particularly interested in 


engineering application 
NAME 
POSITION 
COMPANY 
ADDRESS 


city 





Extreme sensitivity is an outstanding control -char- 
acteristic of the Fenwal Thermoswitch Unit. Its outer 
shell is the heat-sensitive element . . . strut-and-shell 
assembly responds almost instantly to a change in 
temperature. Contacts are totally enclosed and pro- 
tected. There’s no thermal lag in the unit. Control is 
positive and precise. 

° Thermoswitch Units are easily adjusted, and cover 
Just 0.1 F Change the range from 100 to +1500°F. They’re available 
™ as miniature, surface-mounted, or immersion types, 
Gets Fast Action an with special variations to resist corrosion, extreme vi- 
bration, and shock. Current ratings up to 10A- 
115VAC. Whichever unit you choose will be rugged 
from a Fenwal and compact simple, reliable, and inexpensive. 
. ‘ Build better temperature control into your products 
THERMOS WITCH Unit with Fenwal Thermoswitch 
booklet, write Fenwal Incorporated, 295 Pleasant 
Street, Ashland, Massachusetts. 


Units. For illustrated 


Series 17000 
THERMOSWITCH Unit 


Another 
example of how CONTROLS TEMPERATURE... PRECISELY 
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Every feature you’ve ever New, integral AC/DC input 


No extra AC converter to buy 


wanted, now yours with this Built-in seen time base 
NEW MOSELEY | Seyremoston 
X -Y R EC O R D t R Local or remote operation 


and look at the broader utility 
you get with these precision 
Moseley accessories 





Digital character printer 


NEW MODEL 2D , ‘Curve follower 





Model 2D is a significantly advanced X-Y Recorder offering 
virtually every useful Recorder capability, plus a new con- 


7 


trol panel arrangement insuring maximum operating con- a ee ee 


venience. Brief specifications are: Input range 7.5 mv to 
150 v on X-axis; 5 mv to 100 v on Y-axis. X-axis time base, 5 
steps, 7.5 to 750 secs. Input resistance 200,000 ohms/v, 
accuracy and resolution + .2%, zero offset, pen speed 
20 in/sec each axis, vacuum paper hold-down. 


Call your Moseley AUTOGRAF Recorder representative 
today or write direct for detailed data on 
Model 2D and accessories. 


Data subject to change without notice. 


Pioneer and leader in X-Y and Strip-Chart Recorders 


F.L.MOSELEY CO. 


Dept.H-5, 409 N. Fair Oaks Ave., Pasadena, California 
MUrray 1-0208 TWX PASA CAL 7687 
Field representatives in all principal areas 
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x 
Now there are ways to read angles... 


Photoelectrically with a Gurley Encoder Optically with a Gurley UNIS@C® 


i 


i 


Angles may now be read photoelectrieally with You can read shaft positions to one second of are 
the Gurley Precision Shaft Position Encoder. directly—with the Gurley Unisec," an Optical 
The information can be transmitted anywhere, Coincidence Reading System, complete with a 
in digital form. precision glass circle. 


Write for Bulletin 8600. Write for Bulletin 7500 
| j ; 


en 





W. & L. 3 GURLEY, 537 FULTON STREET, TROY, NEW YORK 
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A MASTERPIECE OF 
FUNCTIONAL DESIGN 


COMPACT...VERSATILE...EASY TO OPERATE 


The RECOMP computer strikingly demonstrates the 
four basic principles of design excellence: perform- 
ance, ease of operation, ease of maintenance, func- 
tional styling. It is a masterpiece of practical design. 

The magnetic disk memory contains 4096 words, 
each of 40-bit length, or 12 decimal digits, eight alpha 
characters, or two program instructions. It retains as 
many as 8000 instructions or stores more than 49,000 
decimal digits of data. Reading speed of the photo- 
electric tape is 400 characters a second. The exclusive 


digital readout flashes arabic numerals to reveal con- 
tents of any word or register. 

RECOMP gives you far more capacity, versatility, 
and trouble-free service for your money. It’s avail- 
able now—for outright sale or at a moderate monthly 
rental that includes maintenance. And there’s no extra 
equipment to buy...no cost of installation. For infor- 
mation on how RECOMP can solve your problems, 
write Autonetics Industrial Products, Dept. 305, 
3584 Wilshire Boulevard, Los Angeles 5, California. 


Digital computers by Autonetics @ 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


1960 





Other Offices: New York, Chicago, Washington, 0.C 








SOLA AC and DC voltage regulation 
Continuous, automatic, maintenance-free 


Sola Constant Voltage Transformers and Regulated DC 
Power Supplies provide dependable, regulated output 
voltage. Their output regulation is unaffected by wide 
variations in input voltage. 

Sola CV Transformers are static-magnetic regulators 
with completely automatic, continuous regulating action. 
Their response to variations in input voltage is usually 
1.5 cycles or less, They have no moving or renewable parts 


Sola 
Constant 
Voltage 
Transformers 


Standard Sinusoidal Type provides voltage regulation of +1% 
with primary voltage variations as great as +15%. With less 
than 3% total rms harmonic content in their output voltage 
wave, these units are desirable for use with equipment having 
elements sensitive to power frequencies harmonically related 
to the fundamental. Available in nine ratings, 60va to 7.5kva. 


Normal-Harmonic Type also provides 
+1%, regulation at somewhat less cost. 
This group has an average of 14% total 
rms harmonic content in its output volt- 
ages and is suited to equipment not ex- 
tremely sensitive to voltage wave shape. 
The series includes those mechanical 
designs specially engineered for use as 
built-in components. Nineteen stock 
ratings range from 15va to 10kva. 


Sola Constant Voltage 
DC Power Supplies 


For intermittent...variable 
»--puise...or high-current loads 


Fixed-output-voltage designs are avail- 
able in six stock models with ratings 
from 24v @ 6a to 250v @ 1a. They are 
extremely compact, light-weight, and 
moderately priced in proportion to their 
power output and performance. 


and require no maintenance. 

Each Sola Regulated DC Power Supply incorporates 
a constant voltage transformer in combination with a 
semi-conductor rectifier and a high-capacitance filter 
section. This combination makes the power supply com- 
pact, dependable, and efficient; and assures sustained 
output voltage in the face of pulse or intermittent loads, 
or heavy, short-time overloads. 


Adjustable Sinusoidal Type provides 
+1% regulated voltage output—one out- 
put adjustable from 0-130 volts and one 
fixed at 115 volts. Has less than 3%, total 
rms harmonic content in output voltage. 
Portable for use in shop or laboratory, 
or mount on standard relay rack. 


Electronic Power Type regulators provide 
+1% regulated filament voltage at 6.0 
and 6.3-volt levels; or a combination of 
plate and filament voltages regulated 
+3% for +15% input variations. Fila- 
ment regulators are available in ratings 
from 2.3 to 25 amps. One model is spe- 
cially designed for portable lab or shop 
bench use; it has a 30va rating. Combina- 
tion plate/filament regulators, in three 
stock sizes, are designed to operate with 
commonly-used rectifier tubes. 


Custom-designed units can be supplied in 
production quantities in ratings from lva 
to 25kva to suit individual specifications. 
Custom designs can include special 
mechanical structures, various voltage 
ratios, special frequencies, compensation 
for frequency variations, multiple output 
voltages, three-phase service. Units can be 
manufactured to military specifications. 


Compact, rugged Sola Constant Voltage DC Power Supplies 
provide output regulated within+1% over line voltage varia- 
tions as great as +10%. Their output contains ripple voltage 
of 1% total rms or less. They have exceedingly low output 
impedance. Output is in the “ampere” range. The high, short- 
time overload capacity handles intermittent and pulse loads 
without serious voltage drop or damage to components. 


Adjustable-output designs provide a con- 
siderable range of regulated dc test volt- 
ages. Accessory handles offer portability 

| and permit self-stacking. Six models are 
available with outputs ranging from 5v 
@ 7a to 400v @ 0.6a. 


For additional information on Sola DC Power Supplies, write for Circular 26E-DC 


Sola Manufactures: Constant Voltage Transformers, Regulated DC Power Supplies, 
Constant Wattage Mercury Lamp Transformers and Fluorescent Lamp Ballasts 


SOLA ELECTRIC CO. 
4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 
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A Division of Basic Products Corporation 


In Canada, Sola Electric (Canada) Ltd., 377 Evans Avenue, Toronto 18, Ontario 
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300 HOUSINGS PER HOUR 


produced on Greenlee machine— 


with assist from MICKERS. hydraulics 


Here's a Greenlee transfer machine that produces 300 steering gear housings 
per hour while performing a total of 114 close tolerance machining operations. 
This outstanding performance record is achieved because the machine combines 
advanced design ideas with the best available components. 





Self-contained Vickers hydraulic power packages provide controlled power 
for clamping the pallet-mounted workpieces in precise position at each work 
station, driving transfer mechanisms and for movement of certain machine heads. 
These power packages are designed to JIC (Joint Industry Conference) standards 
which means easy maintenance and minimum downtime to you. 


Vickers offers you power packages, either standard or custom engineered that 
provide an almost unlimited number of choices to meet your specific technical 
requirements. You can choose from the broadest product line in the industry any 
combination of controls for use with single, double, two-pressure or two-stage pumps 
(the latter for pressures to 2000 psi), and for variable and constant delivery pumps 
to 5000 psi. Your choice of components will be packaged with the size or shape 
reservoir best suited for your job. 


Whether the Vickers power package you choose is standard or custom 
engineered, you save money and time because it comes ready-fo-go—designed 
and assembled to the highest standard of quality by hydraulic specialists. 

Get more data by writing today for Bulletin 5001C or by consulting your 
nearby Vickers application engineer. 


VICKERS INCORPORATED _ 


DIVISION OF SPERRY RAND CORPORATION 


Machinery Hydraulics Division 
ADMINISTRATIVE and ENGINEERING CENTER 


Department 1606 + Detroit 32, Michigan 


VISIT US IN BOOTH 1725 AT THE DESIGN ENGINEERING SHOW 
NEW YORK COLISEUM, MAY 23-26 


Vickers power packages supply fluid 
energy for fast, precise, automatic 
clamping, transfer and head move 
ment at station locations marked 
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This is a record of leadership 







































































Ihe U.S. Weather Bureau used a Honeywell Model 906B 
Visicorder Oscillograph to record directly this diary of 
a thunderstorm as it passed near the observation station 
on Mt. Washburn in Yellowstone National Park. 

As the storm passed, the Visicorder measured and re- 
corded 1) positive and negative electrical conductivity 
of the air, 2) the rate of ionization of air due to airborne 
radio-active particles and extra-terrestrial radiation, 3) 
the size and charge of individual raindrops, 4) the corona 
discharge current from an insulated tree and from a 4’x 6’ 
grass plot to determine current flow from the earth’s sur- 
face to charge centers in the clouds, 5) times of camera 
exposure photographing cloud droplet size and electrical 
charge, 6) atmosphere potential gradient, and 7) time. 

The Visicorder made this and many other records on 
Mt. Washburn without the use of power amplifiers. This 
feature, plus the extreme portability of the Visicorder, 


made it the ideal oscillograph for use in these studies. 


Byron Phillips, U. S. Weather Bureau Scientist, monitors 
thunderstorm data as it is recorded by the Honeywell Model 
906 Visicorder. 





in weather research 





Recent Models of the 906 Visi- 
corder incorporate time lines and 
grid lines and record up to 14 simul- 
taneous channels of data. 


The NEW Model 1108 Visi- 
corder with many automatic fea- 
tures and the convenience of push- 
button controls, is ideal for inter- 
mediate uses requiring up to 24 
channels of data. 


The Mode! 1012 Visicorder is 
the most versatile and convenient 
oscillograph ever devised for re- 
cording as many as 36 channels of 
data. 


The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high-fre- 
quency, high-sensitivity, direct-recording ultra-violet os- 
cillography. Here are some of the reasons why Visicorders 
provide the most accurate analog recordings available: 
constant flat response and sensitivity of galvanometers; 
grid-lines simultaneously recorded with traces to guaran- 
tee exact reference regardless of possible paper shift or 
shrinkage; flash-tube timing system for greater accuracy of 
time lines; superior optics for maximum linearity of traces. 

No matter what field you are in. . . research, develop- 
ment, computing, rocketry, product design, control, nu- 
cleonics ... the high-frequency (DC to 5000 cps) Visi- 
corder Oscillograph will save you time and money in 
data acquisition. 

Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration. 


Reference Data: write for Bulletins 1108, 1012 and HC-906B 
Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 


5200 E. Evans Avenue, Denver 22, Colorado 


Honeywell 
Qudusttial Products Coup 


FROM HONEYWELL. ROP DIAMOND JUBILEE PARADE OF PRODUCTS 


MAY 1960 
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Readout Counter used 
in Tape Preparation for 
Machine Tool Control 


A Veeder-Root Series 1538 Remote Data Readout Counter 
provides tape feed control for the motorized tape punching 
unit of the new Potter & Johnston Tape Control System. 
The tape punch is used to program machine functions on 
P & J Automatic Turret Lathes. The counter automatically 
controls the amount of tape feed required for each turret 
face involved, and stops the tape at preselected address 
points. When the correct address point is reached, a com- 
bination of holes representing the machine command is 
punched into the tape. Counter is automatically reset for 
each turret face. 








POSITION 
Servo Repeaters 
Drive Counters 
to Indicate 
Lineal Motion* 


it INCHES y 
| ae One of the ways to take 
advantage of digital read- 
out for indicating and 
recording information at remote points is through servo 
repeaters. Applications in aircraft, for altimeters, naviga- 
tional displays and similar instrumentation, suggest many 
other opportunities to use counters for more positive indi- 
cation and control. A typical ‘“‘system”’ is shown here where 
a counter is used for indicating nuclear reactor rod posi- 
tion. The servo repeater and counter actually form one 
packaged unit, and the 
whole device can be pot- 
ted for environmental pro- 
tection. When used to 
drive counters, the servo 
gear ratio is best selected 
to provide full scale 
travel of the counter 
for one revolution 
of the control 
transformer 
shaft. 




















Typical servo repeater/counter device ‘\ Output shaft 
that converts synchro data to digital readout. to counter 


Let Veeder-Root help you make Counters do more! 
Extensive design experience and precision production tech- 
niques make it possible for Veeder-Root to help you solve 
a wide variety of digital, readout, control and recording 
problems with counters — from the simplest ratchet to 
advanced readout and navigational devices. Send for in- 
formation on specific applications or contact your local 
Veeder-Root Counting Engineer. 


*Reprinted from CONTROL ENGINEERING June 1959. Copyright© 1959 by McGraw-Hill Pub. Co., 
Inc. All rights reserved. 
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Veeder-Root Readout Device 
This is the basic series of Remote Data Readout 
Counters. Some are available for standard applica- 
tions, or design variations will be submitted based 
on requirements. They function basically as analog 
to digital converters. 


Series 1538/electrical reset/ » 
electrically actuated. Speed 
1000 cpm, 3 or 5 figure 


aa 


Series 1538/electrically actuated/ 
manual reset. Spee 
1000 cpm, 3 or 5 figure 


a », 


Series 1606/mechanically actuated manval 
reset standard; bi-directional “ 
(non-reset) available. Speed 

5000 cpm, up to 5 figures 


PLS REE ee TSR ERE AIS 


Veeder-Root 


HARTFORD 2, CONNECTICUT 


"The Name that Counts’ 


New York *« Chicago * Los Angeles * San Francisco * Seattle 
St. Lovis ¢ Greenville, S.C. * Altoona, Pa. * Montreal 


Offices and Agents in other principal cities 
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SPECIALISTS IN THE 3 C’s OF ELECTRONICS 


CABLES 


Complete versatility of design plus 
extra reliability characterize 
Bendix® Cable Assemblies. Types 
include encapsulated or braided 
missile control cable, thermo- 
couple harness, fuel cell, ground 
cabling, high temperature, and 
flat conductor cable. 


CAPACITORS 


Count on Bendix High Tempera- 
ture Capacitors for premium 
performance on missile and 
high-speed aircraft applications. 
Proved operation from —55°C. to 
+400°C. with no voltage derating 
and low capacitance variation. 


For fast service on Cables, Capacitors, and Connectors, contact: 


Scintilla Division 


MAY 


SIDNEY, NEW YORK 


CONNECTORS 


Can you use the finest electrical 
connectors in the business? Then 
try ours. Wide range of sizes and 
types available, including Pygmy* 
Miniature, Rack and Panel, QWL, 
and MS-R, and connectors for 
special applications. 
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NEW RCA MEMORY CORE 
witches in OZ, usec 


RCA Ferrite line now offers a choice of memory cores 
with faster switching times or reduced power requirements 


RCA’s new memory core 227M1 (XF-4138) with 0.7 usec 
switching time, now opens up a wide choice of design pos- 
sibilities for military and commercial computers. With the 
announcement of this new core, RCA now offers: 
* 227M1 (XF-4138) for fast switching 
226M1 (XF-4028) for reduced power requirements with 
increased operating margins 
224M1 (XF-3018H) for standard coincident-current 
memory applications 


See chart for comparative operating characteristics. These 


NOMINAL OPERATING CHARACTERISTICS AT 25°C 


Pulse 


Rise 
New Time (t,) 


(u sec) 


Feature 


| Lower 


Drive .050’x .030”x .015” 


226MI 
(XF-4028) 
Present | 950/'x .030"x .015” 


224M 
(XF-3018H) | Standard | 

227Mi Faster ” ” ” 
(XF-4138) | Switching | .050’x.030"x.015 


ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS 


RADIO CORPORATION OF AMERICA 


SEMICONDUCTOR AND MATERIALS DIVISION 


cores are part of RCA’s comprehensive line of ferrite cores, 
transfluxors, and other magnetic memory and switching 
devices. 


Systems Engineering Service 


Your local RCA Field Representative is prepared to furnish 
a completely coordinated service, including transistor, fer- 
rite, and memory-systems application assistance. Call him 
today. For technical literature on RCA Ferrite cores and 
memory devices, write RCA Commercial Engineering, Sec- 
tion E-56-NN, Somerville, N. J. 


RCA SEMICONDUCTOR & 
MATERIALS DIVISION 
FIELD OFFICES 


EAST: 744 Broad Street, Newark, N. J. 
HUmboldt 5-3900 

NORTHEAST: 64 ‘'A'' Street 

Needham Heights 94, Mass. 

Hillcrest 4-7200 

EAST CENTRAL: 714 New Center Bidg. 
Detroit 2, Mich. TRinity 5-5600 
CENTRAL: Suite 1154 

Merchandise Mart Plaza 

Chicago, III. WHitehal!l 4-2900 

WEST: 6355 E. Washington Bivd. 

Los Angeles, Calif. RAymond 3-836! 
SOUTHWEST: 7905 Empire Freeway 
Dallas 7, Texas. Fleetwood 7-8167 
GOV'T: 224 N. Wilkinson St. 

Dayton, Ohio. BAldwin 6-2366 

1625 ‘'K"' Street, N.W., Washington, D.C. 
District 7-1260 


Response 


SOMERVILLE, N. J. 
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Compact 4-way 


SKINNER 


Solenoid Valves 





EV S-LU go ol goed t-i- Mond [lale(-lemecelalige) 





Here’s how accurate, dependable 
operation is built into 
SKINNER 4-way solenoid valves 


@ Precise flow control—by adjustable metering 

@ Compact, direct acting—two 3-way valves in one housing 

@ Durable and corrosion resistant—stainless steel internal parts 

@ Leakproof, bubbletight sealing—soft, synthetic inserts 

@ Positive operation mounted in any position—spring-loaded plungers 

@ Underwriters approved—wide selection of coils, voltages and frequencies 
@ Wired from front or rear—housing easily reversed 


A. Transparent view of 4-way solenoid valve B. Plunger 


@ Adaptable to many uses—optional porting arrangements C. Plunger return spring D. Sleeve E. Coil 


SKINNER four-way solenoid valves 
available in three basic types 





V9 SERIES SPECIFICATIONS 


Media—air, hydraulic oils, inert gases 

Orifice Diameter—%q", } ; 

Pipe Size—'4" NPTF 

Maximum Operating Pressure Differential—O to 150 PSI 
(up to 225 PSI also available) 

Temperature Range—minus 40°F. to plus 180°F. 

Cy Factor—%4" .052, Ye” .095, %2” .156, 4%" .214 
Mounting—'4" through-bolt holes. 











Normally closed—normal'y closed V933 
valves with a neutral position. Generally ap- 
plied on double-acting cylinders where the 
piston is in a neutral position without pressure 
when both coils are de-energized. This permits 
manual shifting of the piston without operating 
the valve. 


The Skinner V9 solenoid valve is 
two 3-way valves in one compact 
housing. Both valves may be inde- 
pendently controlled and metered to 











Normally open—normally open V955 valves 


provide accurate, dependable control 
of single- or double-acting cylinders, 
or larger pilot-operated valves. 

V9 types are available without 
adjustable flow and with metering 
at both exhaust ports, both inlet 
ports or full metering of all ports. 


For complete information, contact 
a Skinner Distributor listed in the 
Yellow Pages or write us at the 
address below. 


When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 


SNS 
Ks 


AS 
a 


\ 
A] 


with a neutral position. Generally applied on 
double-acting cylinders where both sides of 
the piston are to be open to pressure when 
both coils are de-energized. Under certain con- 
ditions, the first operating stroke of double- 
acting cylinders will be smoother with this 
valve in use. 


Normally closed—normally open V935 valves 
with no neutral position. Generally applied on 
double-acting cylinders where the piston is to 
be in retracted or extended position with pres- 
sure when both coils are de-energized. Wiring 
is simple—both coils are operated simulta- 
neously and can be controlled by one single- 
pole, single-throw switch. 














ELZCTRIC 


VALVES 


SKINNER ELECTRIC VALVE DIVISION, 
THE CREST OF QUALITY THE SKINNER CHUCK COMPANY «+ NEW BRITAIN, CONNECTICUT, U.S.A. 


PRINTED IN U.S.A. 
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ORI AC Here truly is a new dimension in automated 
—V\y 


controls! Delavan’s new SONAC uses ultra- 


sonic energy for its ‘beam’. This new concept offers many advantages over available sensing 
devices. SONAC has no lamps to burn out... nothing to replace... eliminates down time. 
SONAC is unaffected by vibration, dust, industrial contamination or ambient light. SONAC will 
sense ferrous and non-ferrous metals, liquids or solids, transparent or opaque materials, yet 
requires less power than an ordinary flash- wri 2S, Send for this complete de- 


Sees = scriptive booklet. There's | 
, lg Ler Se t or obligation. 
light. These are a few of SONAC’s advantages. | § — 


DELAVA N 


WEST DES MOINES « IOWA 
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NO DOUBT ABOUT IT— 


“SCOTCH” BRAND Sandwich Tapes 


wear 10 times as long without errors 
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IN THAT NARROW LITTLE LIFELINE OF DATA known 
as magnetic tape, a miss is magnified into a mile. 
A missed bit, or one picked up by error is confus- 
ing, frustrating and time-consuming. If you're in 
doubt about the kind of performance you're getting, 
perhaps “ScoTcH” BRAND Sandwich Tapes can 
solve some of your tape and equipment problems. 

The exclusive construction of the Sandwich 
Tapes combats the causes of error because it elimi- 
nates the source—oxide rub-off and head build-up. 
ests prove it wears a minimum of 10 times as 
long as ordinary tapes before it errs. As a by- 
product, you can rely on it to drastically reduce 
maintenance and replacement costs on equipment. 

The Sandwich is constructed 
as shown in the diagram at the PLASTIC PROTECTIVE LAYER 
right. The famous “SCOTCH” Zee 
BRAND high potency oxide 
coating is sandwiched between 
a tough polyester base and a 
50 micro-inch layer of plastic. 

Since the oxide is never in 

contact with the head, tape movement is smooth 
and low in friction—easy on both tape and equip- 
ment. Oxide can’t rub off and distort valuable data. 

Yet, the real meat of this remarkable Sandwich 
is the “SCOTCH” BRAND high potency oxide coating. 
Even under the protective plastic, the oxide’s po- 
tency is quite sufficient to pick up 500 pulses per 
inch—and give desirable high-frequency response 
in many AM, FM and PDM applications. Sand- 
wich Tape is but one of the developments to come 
out of 3M research—the same research responsible 
for “SCOTCH” BRAND Video Tape—the first video 
tape in commercial use. 

Whatever your application—you'll find the right 
tape for reliable, error-free performance in the 
“SCOTCH” BRAND line-up. Check them all. High 
Resolution Tapes 158 and 159 pack more bits per 
inch, offer either standard or extra-play time. New 
Heavy Duty Tapes 198 and 199 offer good resolu- 
tion and exceptional life even in poor environments. 
High Output Tape 128 gives top output in low 
frequencies, even in temperature extremes. And 
Standard Tapes 108 and 109 remain the standard 
of instrumentation. 


Your 3M Representative is close at hand in all 
major cities—a convenient source of supply and 
information. For details, consult him or write 
Magnetic Products Division, 3M Co., St. Paul 6, 
Minnesota. 


© 1960 3M Company 


“SCOTCH” is a registered trademark of 3M Company, St. Paul 6, Minnesota. 
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario, 


SCOTCH BRAND MAGNETIC TAPE 


FOR INSTRUMENTATION 


1 >>. 
JMiinntsora iinine ano JYfanuracturine company € ~ 
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* RUGGED, SUBMINIATURE, PRECISION TRIMMERS... 


FOR BETTER STACKING... exclusive square shape permits 20 Pots... 30% More Sweep 
stacking as many as 20 pots in one cubic inch. a 
FOR MORE ACCURATE TRIMMING ...30% more turns in 
resistance element plus 45:1 adjustment ratio provides more accu- 
rate trimming than possible with conventional trimmer designs. 4 
FOR MECHANICAL AND THERMAL STABILITY .. . exclusive n One Cubic Inch Worm Gear Adjust Screw 
worm gear adjusting device helps to assure rugged mechanical sta- 
bility, and unique circular mandrel eliminates expansion-contraction 
effects for thermal stability. 


For full specifications on the complete line of SQUARETRIM 


t} 
+ 


+ etigy 
DAYSTROM s INCORPORATED 
— 


potentiometers, contact the Daystrom representative serving your PACIFIC DIVISION 
area, or write the factory direct. Ask for Data File CE-1112-1. 9320 Lincoin Boulevard, Los Angeles 45, Calif. 
CIRCLE 71 ON READER SERVICE CARD 








72 


These are no sissies! 


They are AE Hydramite® pumps, the heavy-duty hydraulic 
pumps that start delivering where other “heavy-duty” pumps leave 
off. Check into them for the tough jobs where you want sheer 
stamina...the jobs where extra reliability and sustained performance 
are an urgent requirement. 


To meet your specific requirements, Hydramite pumps can be 
supplied for constant displacement from 3 to 25 gpm at 5,000 psi 
and 60 to 100 gpm at 3,000 psi for hydraulic fluids with viscosities of 
150 to 300 ssu at 100°F. In special applications they have handled 
viscosities as low as 40 and as high as 900 ssu at 100°F. Special 
materials and seals permit handling of missile fuels and special fluids 
at higher temperatures. Available in flange, foot or face mounted styles. 


Write or call American Engineering Company, Dept. P-153, 
Philadelphia 37, Pa. Phone: CUmberland 9-3800. 

See our four-page catalog in Sweet's Product Design File, or write us 
for reprint (Catalog P-60). 


AMERICAN ENGINEERING COMPANY 


Division of United Industrial Corporation 
Hele-Shaw® Pumps, Lo-Hed Hoists, AE Marine Deck Auxiliaries, 
Vibra-Grate, Perfect Spread and Taylor Stokers. 
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Tapered roller bearings. High-capacity, 
heavy-duty tapered roller bearings support 
the eccentric cam shaft. This means that a 
Hydramite can take more punishment. . . 
handle heavier unbalanced loads . . . and 
last longer. 


aod 
fs iT t 
~\ 
4 ‘ 
CURVED SUPPERS DISTRIBUTE 
THE LOAD UKE THIS 


INSTEAD OF A HIGH STRESS 
CONCENTRATION LIKE THIS 


Curved Slipper distributes thrust load of the 
plungers and reduces unit stress to the 
point where maintenance is never required 
at what is a critical wear spot in most 
hydraulic pumps. 
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with Cleveland 


Speed Variators... 
precision control 
is a simple matter 


PNEUMATICALLY 


Cleveland Speed Variators — mechanical trac- 
CONTROLLED 


tion-type variable drives with stepless speed 
control — provide both increase and decrease 
of output speed on a range up to 9:1 from a 
constant speed power source. 


Infinitely variable speed regulation is pro- 
vided with instant, smooth change by either 
manual, automatic, or remote control. Precise 
adjustments are easily made with accurate ad- 
herence to settings. Some typical examples: 


MANUALLY 
CONTROLLED 


ELECTRICALLY 
CONTROLLED 


HOW IT WORKS 


Power is transmitted from input shaft 
to output shaft through alloy steel driv- 
ing balls which are in pressure contact 
with discs attached to the two shafts. 
Relative speeds of the shafts are ad- 
justed by changing the positioning of 
the axles on which the balis rotate (see 
cutaway view, right). 


For the Chemical Industry 

In rubber processing seven- 
teen variators provide neces- 
sary process flexibility when 
changing production from 
one type synthetic rubber to 
another. 

For the Automotive Industry 
Variators give accurate con- 
trol of assembly line speeds 
to control conveyor output 
rates. 

For the Tobacco Industry 
Variators make delicate ad- 
justments for electronic beta 
gage controller. 

For the Steel Industry 
Variators provide remote con- 
trol speed change on process- 
ing line conveyor. 


For the Metal 

Working Industry 

Variators permit fast, accu- 
rate adjustment of machining 
speeds for metals, from mag- 
nesium to 38 Rc steel. 


For the Wire 

Products Industry 

Variators control four reels 
simultaneously — and with- 
out slippage. 


In Ore Processing 

Variators easily adjust rate 
of material feed to hammer- 
mill. 


In Material Handling 
Variators control movement 


of steel tubes through 176- 
roll annealing furnace. 


Cleveland Worm & Gear Division 
Eaton Manufacturing Company @) 
$260 East 80th Street * Cleveland 4, Ohio ® 


Send for your free copy of 
Bulletin K-250. it gives 
the complete Variator con- 
tro/ story. 


WRAP AAD 
ie) VARIATOR 


MAY 1960 
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Record 2 to 24 points on the same 


UNIVERSAL 


RECORDER 


CHANGING RANGE IS EASY 
—Loosen screws and slide out 
the range resistor card. Replace 
with a different card, tighten 
screws and the job is done 
quickly and easily. 


PURTOOU ETE ETE 
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New modular design... 


and greater value than ever 


CHANGING NUMBER OF 
POINTS IS EASY —First, remove 
thumb-tight nut; slip off print 
wheel and indicator dial. Slip on 
new wheel and dial and replace 
nut. Second, replace one plug-in 
unit on extreme right of terminal 
board, and the instrument is 
ready to record any desired 
number of points. 


CHANGING COMPENSATION 
IS EASY—Input terminal board 
comes out by removing one plug 
(extreme left) and four screws. 
Slide in the new board, replace 
the screws and plug and the com- 
pensation is changed. Reference 
junction is built into terminal board 
on reverse side. 
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Now, you can record 2,3,4,6,8,10,12,16,20 
or 24 points on one instrument—the new 
Universal ElectroniK Recorder. And you 
can change the number of points to be 
recorded in a matter of seconds. It’s as 
easy as this: remove a thumb-tight nut 
and slip off the old print wheel and indi- 
cator dial. Slip on a new wheel and dial 
and replace the nut. Plug in the number 
of points wanted, and the job is done. 








New modular design makes all ElectroniK 
instruments easier to use and maintain 
and a greater value than ever. This new 
design has also resulted in substantial 
manufacturing economies and appropriate 
price reductions. Get complete details 
from your nearby Honeywell field engi- 
neer. Call him today . . . he’s as near as CONSTANT VOLT- 


your phone. AGE UNIT (Zener 
diode) eliminates bat- 


MINNEAPOLIS-HONEYWELL, Wayne and teries, standard cells, 
Windrim Avenues, Philadelphia 44, Pa. and standardizing 


mechanisms. 


Honeywell 
H| Fouts we Coutiol ADs FUTURE 


th 





SINCE 1885 
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the pb 250 /a general purpose, 














The design of the PB 250 enables it to be mounted 
as a systems component in 311/2 in. of a standard 
relay rack. 


SPECIFICATIONS 


TYPE 
Serial, binary, internal program 


COMMAND STRUCTURE 
Single address with index register 


NUMBER OF COMMANDS 
46 


OPERATION TIMES 
Add/subtract 12 microseconds 
Multiply 276 microseconds (max.) 
Divide 252 microseconds (max.) 
Square root 252 microseconds (max.) 


Average access 
time 1,540 microseconds 


Average access 
time to fast 
memory 96 microseconds 
Maximum 
operational 40,000 instructions per 
rate second 


WORD LENGTH 
21 bits plus sign 


MEMORY 
Type: 
Magnetostrictive delay lines 
Capacity: 


1,808 words (Up to 15,888 words internal 
storage at additional cost. 16,384 words 
external core memory also available.) 


INPUT-OUTPUT 
Standard: 
Automatic alphanumeric typewriter 
Paper tape punch and reader 
32 control outputs 
30 control inputs 
High-speed block input-output 
(85 KC word rate) 
Optional: 
High-speed paper tape punch and reader 


Magnetic tape units (six maximum) 
employing 1BM 700 series format 


Punched card equipment 
Analog-to-digital converters 
Digital-to-analog converters 


PHYSICAL DESCRIPTION 


30 in. high, 19 in. wide, 24 in. deep 
110 pounds 


Fully solid-state construction 
Compietely modularized 


POWER REQUIREMENT 
115 volts, 60 cycles, at 100 watts 











Completely Solid State 
Internally-Stored Program 


From Packard Bell Computer comes the first truly ‘‘second-genera- 
tion’’ medium-scale computer. The PB 250 is a general purpose 
digital computer that may be applied to an extremely broad range 
of scientific, industrial, and military problems. The PB 250 combines 
a large, expandable memory and a versatile command structure with 
a computing speed in the microsecond range. 


A FEW OUTSTANDING FEATURES 
OF THE PB 250 


MICROSECOND SPEED 


Computing speeds of the PB 250 rival those found only in expensive, 
large-scale systems. Addition and subtraction require 12 micro- 
seconds. Multiplication and division are variable length commands 
requiring 276 and 252 microseconds, maximum, respectively. All 
floating point operations require less than three milliseconds. 


EXPANDABLE MEMORY 


Minimum memory capacity of the PB 250 is 1,808 words, including 
one 16-word fast access line. The memory is economically expand- 
able to 15,888 words internally, plus 16,384 words of external 
core storage. 

VERSATILE COMMAND STRUCTURE 


The extensive command list of 46 instructions contains 14 data 
transfer commands, 8 arithmetic commands (including divide and 
square root), 14 logical and program transfer commands, and 10 
input-output commands. 


SIMPLE PROGRAMMING 


Programming simplicity is achieved by single-address instructions, 
command indexing, and automatic double precision operations. 
Symbolic programming routines are supplied at no extra cost with 
the PB 250. 

FLEXIBLE INPUT-OUTPUT SYSTEM 


The PB 250 is adaptable to a wider range of peripheral equipment 
than any computer in the low-priced field. This equipment includes 
high-speed tape readers and punches, magnetic tape units, card 
readers and punches, printers, analog-to-digital and digital-to-ana- 
log converters. Standard equipment includes an automatic type- 
writer, paper tape reader, and punch. 


EXCEPTIONAL RELIABILITY 


Maximum reliability is achieved through conservative solid-state 
design, a small component count (less than 350 transistors), and 
absence of moving parts. 


All memory operations are parity checked. 
SYSTEMS INTEGRATION 


Flexible input-output design enables the PB 250 to be easily inte- 
grated into existing systems, either on- or off-line. 


The PB 250 may operate as a universal format-to-format converter. 
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microsecond computer for *30,000 











PACKARD BELL COMPUTER ttt cone 


1905 ARMACOST AVENUE, LOS ANGELES 25, CALIFORNIA © GRANITE 8-4247 


2-22-60 PB : 
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T0 
REACH 
THE MOON... 
MEN 
AT WORK 
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These men are ARMA researchers. They are putting to use a 
three-dimensional Trajectory Analyzer, designed and produced 
by them to provide simple, visual understanding of the 
complexities involved in guiding missiles to interplanetary bodies. 


Today they use it in their studies of trajectory kinematics and 
missile guidance in lunar orbits. Sometime soon they will 
employ it to study travel to other bodies. 


The Trajectory Analyzer —with which the trajectory of any 
computer-simulated or real missile can quickly be plotted 
in grease pencil—demonstrates the ingenuity and analytical 
ability of ARMA’s imaginative research staff, creators of the 
Atlas ICBM inertial guidance system. Their experience and 
performance are unequalled in the broad field of 

space navigation. 


ARMA, because of its people, will find many of the answers 
in astronautics. ARMA, Garden City, N.Y., a division of 
American Bosch Arma Corporation . . . the future 

is our business. 


7403 


AMERICAN BOSCH ARMA CORPORATION 
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electrohydraulically speaking... 


how accurate, 
how reliable 
isa 


 SERVOSYSTEM ? 











The servovalve is the prime determining factor of 
reliability and accuracy in a Servoactuation 
system. In a drive control system which 

includes servovalves, amplifiers, actuators and 
necessary power supplies, exceptional valve 
performance is required. Use of Moog's 
servovalve and unitized approach to system 
design insures maximum component performance. 




















SERIES 71 SERVOVALVE 





SERIES 72 SERVOVALVE 


comparatively speaking... 

WHAT ADVANTAGES DO 
ELECTROHYDRAULIC SERVOSYSTEMS 
OFFER? 


. First and foremost, they provide dynamic 
SS ee een response capabilities completely out of the 
- range of any other types of control . . . Their 
range of dynamic response is much higher than 
the fastest pneumatic system... 
The next important advantage offered is size 


é and weight... the complete hydraulic 
system for all but the very low horsepower 
®) applications is lighter than any other type of 
powered control system... 


° Third, the systems are rugged. They can operate 
SERVOSYSTEMS INDUSTRY under severe environmental conditons."’* 


*Bernord A. Johnson NCIH Article 13th Annuc! Meeting 
"The Application of Electro-hydravlic Servo Valves to Industrial Control"’ 


WRITE FOR PB110 


MOOG SERVOCONTROLS, INC. INDUSTRIAL DIVISION east aurora, w. ¥. 
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Enter an x value into the Monro-Matic Statistical Calculator key- 
board only once; the machine takes over the squaring; automatically, 
your task is nearly halved. 


This is one of many advanced features especially pleasing to people 
who live with figures. Why not ask your Man from Monroe for a 
free demonstration of the Monro-Matic Statistical Calculator today? 


(8 A DIVISION OF LITTON INDUSTRIES 


Exclusive 
Monro-Matic 


AUTOMATIC 
SQUARING 


works it far 
faster for you! 


for CALCULATING 
ADDING - ACCOUNTING 
DATA PROCESSING MACHINES 


Monroe Calculating Machine Company, Inc., Sales and service in principal cities everywhere. General offices, Orange, N. J. 
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GD700 SERIES 
GAS-0-DOME REGULATORS 


Models in bronze or stainless steel 
Pilot operated type 

Max. inlet: 7000 to 10,000 psig. 

Outlet range: 10-150 to 400-7000 psig. 
Flows to 250 scfm. 

Low torque: 35 inch-lb. at 7000 psig. 
Panel mounting 

Bulletins R12 and R18. 


BPR SERIES 
BACK PRESSURE REGULATORS 


Models in bronze or stainless steel 

Adjustable relief ranges: From 25-500 
psig. to 2000-10,000 psig. 

Panel mounting 

Bulletin R19 


AVicIOR 


Ad 


LR SERIES LOADER REGULATORS 


Models in bronze or stainiess steel 

Max. inlet: 7000 to 10,000 psig. 

Outlet range: 5-200 to 200-10,000 psig. 

Flow: 10 scfm. 

Low torque: 35 inch-lb. at 7,000 psig. 
60 inch-Ib. at 10,000 psig. 

Panel mounting 

Bulletins R11 and R17 


GD90, GD100A AND GD200A 
SERIES GAS-0-DOME REGULATORS 


Models in bronze or stainless steel 
Compensated, high-flow type 
Max. inlet and outlet: 6000 psig. 
Flows to 80,000 scfm. 
Remote control and/or 

panel mounting provisions 
Bulletin R18 


LV-10 LOADER VALVE 


Made in bronze only. 
Inlet and outlet: 7000 psig. 
Flow: 10 scfm. 
Fast finger-tip control: 
30° clockwise, loads; 
30° counter-clockwise, bleeds. 
Panel mounting 
Bulletin LV-10 


GD60 AND 80 SERIES 
GAS-0-DOME REGULATORS 


Models in bronze 

(stainless steel on request) 
Inlet and outlet range: 2500 to 10,000 psig. 
Flows to 1500 scfm. 
Remote control and/or 

panel mounting provisions 
Bulletin R10A 


Rm llolam e)a-\-)-ela-mel-t mere) ahage) |= 


Victor offers you choice of these and many other 
gas regulators for a wide variety of applications. 


All come cleaned for oxygen service; LOX cleaned when specified. Operating temperature 
ranges: —67° F. to + 250° F. (storage —80° F.) Modifications for special applications. Write 


Mfrs. of high pressure and 
large volume gas regulators; 
welding & cutting equipment; 

hardfating rods; blasting nozzles; 
cobalt & tungsten castings; 


now for Victor High Pressure Regulator bulletins and Regulator Inquiry Form 361A. 


VicIOR EQUIPMENI COMPANY ::::.: 





straight-line and shape 
cutting machines. 





844 Folsom St., San Francisco 7 * 3821 Santa Fe Ave., Los Angeles 58 + 1145 E. 76th St., Chicago 19 
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NO 
_4 VITREOUS 
Wal 
POWER 
RESISTOR EVER 
OFFERED 
REATER 


DEPENDABILITY! 


ter test by independent evaluation laboratories have proved the outstanding 
f Clarostat Greenohm ‘‘V”’. vitreous enamel resistors. Be sure to 

yecify this proved dependability. 
all popular wattages, ohmages, adjustable or fixed Write for com- 


nliete nf¢ rmation 


-Greenohm V: 





Ue pga 1 Couplele detasle direct 


service 


wi se CLAROSTAT MFG. CO., INC. 


DOVER, NEW HAMPSHIRE Your local Clarostat Distributor stocks 
In Canada: CANADIAN MARCONI CO., LTD., Toronto 17, Ont. Greenohm “V” resistors in depth—call 
him for fast delivery... 
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WHAT’S THE HARDWARE SITUATION IN ELECTRONIC PROCESS CONTROL? 


- = = 
aidioe 
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4 4 
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THIS NEW BOOKLET SHOWS YOU 


Here, in concise, graphic form, is the whole array of Swartwout Autronic® 
instrumentation, industry’s most comprehensive system of electronic pro- 
cess controls. Here is a unique presentation that shows you at a glance the 
diversity of equipment available to you, from sensor to actuator, for any 
given variable. Whether you’re pondering a simple flow-control set-up or an 
interlocked multi-loop system, Swartwout has the hardware for the job— 
and this booklet will give you the specifics. To get a copy, just write for 
Bulletin A-913, “A Functional Guide to Autronic Control Equipment.” 
SWARTWOUT DIVISION, CRANE CO., Hooksett Industrial Park, Man- 
chester, New Hampshire. 
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At The Ramo-Wooldridge Laboratories... 
integrated programs of research & development 
of electronic systems and components. 


The new Ramo-Wooldridge Laboratories in Canoga Park provide 
an environment for creative work in an academic setting. Here, 
scientists and engineers seek solutions to the technological prob- 
lems of today. The Ramo-Wooldridge research and development 
philosophy places major emphasis on the imaginative contribu- 
tions of the members of the technical staff.® There are outstanding 
opportunities for scientists and engineers. Write Dr. Richard C. 
Potter, Head, Technical Staff Development, Department 18-E. 


$4 THE RAMO-WOOLDRIDGE LABORATORIES 
® 


8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 


An electron device permits scientists to study the behavior of charged dust particles held in suspension. 
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from copper and steel... 
from wire, strip, and bar stock...to... 


COMPLETE SERVO ASSEMBLIES 


We are not an assembly station. We are a manufacturer! 


Steel and copper come into our factory. Housings are turned and gears 
are hobbed from the solid stock. Laminations are stamped from 
strip steel. Copper is wound right off the reel. 


Every operation between raw stock and servo assembly is per- 
formed in our own plant, under our own supervision. And because 
we exercise this complete control over manufacture, we can honestly 
vouch for the quality and reliability of every motor, generator, syn- 
chro, and gear train carrying our name. 

Undivided responsibility isn’t a new idea by any means, but it is 
increasingly difficult to find in this age of overspecialization. If you’d 
care to sample the benefits of this integrated approach, why not 
call on us now? 


i ig, 
DAYSTROM s INCORPORATED 
j i 


TRANSICOIL DIVISION WORCESTER - MONTGOMERY COUNTY + PENNSYLVANIA 





SERVO ASSEMBLY ~- Type 9 motor generator 


driving two Type 11 CT synchros through a slip 
dutch and o gear train having ratio of 1500 to 1. 
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NOW 9 STANDARD TYPE 


86 


Timers that Control 


TIME DELAY 
TIMERS 


IN AN EXTENDED RANGE OF TIME CYCLES 


1/60th of a second to 24 hours 


For bigger savings in OEM design and installation now, choose a 
standard time delay timer from Industrial Timer’s expanding line to 
satisfy almost every mounting requirement... back, side, flush, through- 
the-panel, totally enclosed or explosion proof. Industrial Timer’s bigger- 
than-ever selection gives you greater design latitude in both function 
and appearance...eliminates the need for costly custom-made controls 
in your specifications. 


All 9 types have these special features: 


1. Actuated by momentary or sustained pulse 

2. Automatic reset 

3. Heavy duty load switches rated at 10 and 15 amps 
4. Easy, positive adjustment of time cycles 


By specifying Industrial Timer you are assured of accurate and depend- 
able controls for applications requiring a specific time delay between 
circuit operations. Full details in Bulletins 300, 800 and 900. 





Series TH 


Back or bottom-mounted. 
Thermal time delay switch. 
(15 sec. to 2 min.) 


AGusriin 


Series TDAB 


Flush-, back-mounted or to- 
tally enclosed (1/60 sec, to 
3 hrs.) 


the Pulse Beat of Industry 


Series 90 


Back-mounted, for applica- 
tions where time cycle is 
infrequently changed or per- 
manently fixed (¥2 sec. to 5 


Series SF 


Back-mounted (1/10 sec, to 
min.) 


Series TDXP 
Bottom or back-mounted. 
Explosion proof. External ad- 
— (1/60 sec. to 3 


INDUSTRIAL TIMER CORPORATION 


1407 McCARTER HIGHWAY, NEWARK 4, N. J. 


industrial Timer’s complete line also includes: Interval Timers, Running Time Meters, Cam Timers, 
Explosion Proof Timers, and Programmers. Our 40-page catalog describing these is available on request. 


CIRCLE 86 ON READER SERVICE CARD 


CONTROL ENGINEERING 





Bourns Trimpot® 


NUMBER 5—RELIABILITY SERIES 


Puts the Proof in Humidity-Proof 


Plunging a potentiometer into near-boiling water is just one of 
the ways Bourns puts the proof in humidity-proof. Every Trim- 
pot unit made takes this 60-second bath with the water sim- 
mering at 90°C. Air expanded by the heat creates four pounds 
of pressure inside the potentiometer—enough to cause bubbles 
—if it leaks. Only if the unit is completely leak-free does it pass 
the test. 

Bourns humidity proofing starts at the beginning — with original 
design and selection of materials. The plastic chosen for Trim- 
pot cases, for example, displays the unusual properties of high 
insulation resistance and extremely low moisture absorption. 


' 
\ 


Further protection against humidity results from manufacturing 
procedures, such as internal potting of the resistance element 
and sub-components. Finally, Bourns samples ail production 
for compliance to MIL-STD-202A, Method 106 as a routine part 
of a Reliability Assurance Program. As a result, Trimpot does 
more than ‘‘resist’’ moisture; it keeps moisture out 

For more information about the industry's largest selection of 
humidity-proof adjustment potentiometers—wirewound and 
carbon in a variety of sizes, power ratings, operating tempera 
tures, etc. — write for new Trimpot summary brochure and list 
of stocking distributors. “ 


Exclusive manufacturers of Trimpot®, Trimit®, and E-Z-Trim®. Pioneers in transducers for position, pressure and acceleration. 
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DOUBLE 
LENSES 


ete} 8-18 = 
CHECK 


... for the precise calibration that means 
RECORDING CHART DEPENDABILITY 


Charlie Robinson, our pressroom supervisor, is 
making a careful chart calibration check in the 
picture above. He does this often. 


To make this test Charlie uses two engraver’s 
glasses, a special templet ...and the 50 years of 
chart printing experience that stands behind every 
GC Recording Chart. 


What this test involves is making sure that the 
center line of the circular punches on a GC Strip 
Recording Chart is always the same distance — 
the correct distance — from the zero line of the 
chart grid. This means that a 25 psi recording at 


the end of a process, for example, will have the 
same value as a 25 psi recording at the start. 


Take rigid inspection standards like these — 
and add repeated paper and ink tests, continuous 
humidity control in production and storage areas, 
and speed of printing and delivery. You’ll see why 
more than 5,000 chart users rely regularly on GC 
dependability. 


GC stocks more than 15,000 different chart 
types. We design and print charts for special pur- 
poses. Why not send now for the GC Stock List 
and for specific sample charts? 


RECORDING 
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Tl low cost germanium general purpose 
transistors give you 290 mw dissipation 





1.60 | 





NORMALIZED COMMON-EMITTER DC FORWARD CURRENT TRANSFER RATIO vs COLLECTOR CURRENT 


NOTE: hy» NORMALIZED TO 1 AT I, 50 ma 





.. With 
beta spreads 
as low as 2:1 


hy OC FORWARD CURRENT TRANSFER RATIO 





Available in commercial production quantities, TI 2N1372 
series germanium P-N-P alloy transistors make possible low- 
cost applications that provide linear beta, high power gain 
and low distortion characteristics. These general purpose 
economy transistors are especially suited for your medium 
frequency switching circuits, audio amplifiers and motor 
control applications. 


=~ 


Collector —Base Voltage 
Collector Current 
Total Device Dissipation 
Storage Temperature Range 
electrical characteristics at 25° C ambient 
leBo Collector Reverse Current 
(Veg = —1l2v. Ie =0) 
(Vcg = -20v Ie = 0) 
(Veg = -l.ov | 
hee de Forward Current Transfer Ratio* 
(Vce = -lv Io = —50 ma) 


—200 
250 


-200 
250 


—200 
250 


(max) 

(max) -7 -7 -7 

— = 0) (typ) —3 —3 —3 

(min) 30 30 50 

(typ) 45 45 80 

(max) 95 95 150 
1.5 2 


(typ) 15 
7.0 7.0 6.5 


fap Common-Base Alpha-Cutoff 
Frequency 
(Veg = —5v Ic = —1 ma) 
Noise Figure 1000 cpst (typ) 
*Tolerance on all values + 10% for test set correlation. 


5.5 5.5 4 
tConventional noise compared to 1000 cps and 1 cycle bandwidth. 
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Fully automatic testing and classification by CAT (Continu- 
ous Automatic Testing) completely eliminates human error 
and assures uniformity and reliability...ideal for your 
production assembly and testing requirements. 

Evaluate the specifications below and contact your nearby 
TI distributor or TI sales office for the devices most suited 
to your particular requirements. 


maximum ratings at 25°C ambient 2N1372_ 2N1373. 2Ni374 2Ni37S 2NI376 2Ni377 2NI378 2N1379 2N1380 2NI381 Unit 7 
a ail ie er a 
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—200 
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GERMANIUM TRANSISTOR APPLICATION NOTE 
1N2070 
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Sensing 
Unit 











| 
7’ 





{Relay Potter & Brumfield 
Y1 : LB5, SPDT, 9 ma 
-300 v 
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or equivalent 
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ss noted otherwise ) 


Write on your company letterhead for complete high resistance sensing circuit application report. 


DESIGN LEADERSHIP 
IN QUALITY 
GERMANIUM TRANSISTORS 


TEXAS 


INSTRUMENTS 


INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 DALLAS, TEXAS 
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EAI PACE Computers Put Central Control At Your Fingertips SOLUTIONS COME 
FASTER, EASIER 
WHEN YOU SIT 
IN THIS CHAIR 


You can expect, (and be sure you’ll get) the 
utmost in working accuracy and fine 
construction from every PACE computer. It’s 
simple, we build more in — you get more out. 
But you will have to actually sit at the console to 
appreciate some of its very finest points. 


Take our control panel for instance. Every 
important control is within easy reach 

from a sitting position. Including all coefficient 
potentiometers. Quick adjustments are 

easy, and the panels are sloped for restful 
operation through the very longest day. 


Examine the patch panel. Modular grouping of 
components reduces patching time to one 
third that of other systems. Keeps cords short, 
eliminates tangle and clutter. And for 
legibility it is the model of the industry. 


The completely electronic Digital Voltmeter 
reduces by two thirds the time needed for 
setting coefficient potentiometers. Presents the 
component address immediately too. 

No guesswork needed here. 


Within easy view, central overload indicators 
tell visibly and audibly when improper 
operation of any component occurs including 
non-linear equipment. 


Words could describe the fully Automatic 
Scanning of all components recorded by 

the High Speed Printer at 200 lines a minute. 
And the merits of Extended Read-out which 
allows you to select any component in the system 
for read-out by merely touching a button. 

But we think you should see this in action. 


These are the subtle refinements developed 
in years of designing, building and 
operating more general purpose analog 
computers than all other computer 
manufacturers combined. We call it 
Human Engineering. Again, you 

will have to see for yourself. We will 
be glad to arrange a demonstration 

or send you literature. 

Write today! 

Dept. CA. 





ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 
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INDUSTRY’S PULSE 


That Amazing 
Semiconductor Business 


For rapid growth, the semiconductor business threatens to smash 
every record in the book. Executives of the 90 companies that shared 
the $400 million market last year will remain gasping for breath to keep 
pace with the rapid technological changes. Business Week magazine, 
for example, predicts that the semiconductor market will top $1 billion 
by 1963. When you consider that the first commercial transistor 
appeared only nine years ago, such sales growth has to be called phenom- 
enal; it illustrates what can happen to an industry when technological 
progress has almost free rein. 

At the IRE Show in March, manufacturers of semiconductor devices 
showed that there is no letup in technological advance in sight. New 
semiconductor developments abounded on every side. Eight companies 
displayed prototype tunnel diodes, the highly publicized high frequency 
amplifying device; at least three showed or talked about developments 
in molecular electronics; and practically every supplier of diodes and 
transistors was offering an improved device that could boast better 
performance characteristics, smaller size, or lower price. 

Current kingpin of the semiconductor business is fast-growing Texas 
Instruments which has changed from a company with $7 million a year 
sales in 1947, mostly geophysical instruments and services, to a $163 
million Goliath in 1959, the bulk of the gain coming from the newly 
founded semiconductor business. ‘Tl’s booth at the IRE Show typifies 
the revolution in semiconductors; in addition to several better perform- 
ing transistors, TI exhibited: 

¢ first commercially available gallium arsenide tunnel diodes. The 
four units on display were designed for applications in high speed cir- 
cuitry such as logic circuits, amplifiers, and oscillators. 

* first commercially available solid circuit semiconductor network. 
The device, made of a single silicon crystal, is a binary multivibrator 
capable of operation at a 200 kc repetition rate. It contains the equiv- 
alent of 16 conventional components, Size of the standard unit: only 
0.250 x 0.125 x 0.031 in. 

ea line of silicon transistors designed specifically for industrial appli- 
cations. The new units: grown junction general purpose and medium 
power transistors and NOR logic devices. For the latter, TI is packag- 
ing seven transistors in a kit, each kit is a complete logic system. 

TI apparently stole a march on the industry by offering commercial 
availability of the tunnel diode at the distributor level. Previously 
both RCA, GE, and Sylvania had made samples of Esaki diodes available. 
At the show, Philco Corp. was the latest supplier to offer a tunnel diode 
prototype. 

TI’s standard semiconductor network illustrates another area of 
frantic activity in the frantic semiconductor field. ‘Texas Instruments 
is said to have over 200 engineers and scientists working on functional, 
one-piece semiconductor systems. At the technical sessions Col. 
W .S. Heavner, chief, Electronic Technology Laboratory, Wright 
Air Development Div., again warned that molecular electronic devices 
threaten the markets of conventional electronic components (his earlier 
warning was reported in CtE, March 1960, p. 35). Heavner predicted 
that this will happen much sooner than most people expect. He said 
he expected TI to complete a simple molecularized computer by 196] 
and Westinghouse to build a VHF receiver by 1962. 
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DYSTAC 
A NEW COMPUTER TECHNOLOGY 


solving problems hitherto unsolvable 


Dystac (Dynamic Storage Analog Computer) synthesizes the 
advantages of both analog and digital computers. Dystac com- 
bines the analog’s speed, lower cost, ease of programming, and 
improved output data presentation with the digital computer’s 
unique capacity for data storage and time sharing of computer 
elements. With Dystac you can now solve the most complex 
problems, ranging from distillation column design to multi- 
dimensional heat transfer... from boundary value problems to 
transport lags. 


In distillation column design, for example, Dystac employs 
only 44 amplifiers on a four-component problem; the number of 
amplifiers required is independent of the number of plates. With 
any other analog computer each plate must be reproduced in the 
circuitry—for a 30-plate column, over 1200 amplifiers are needed 
unless manual reprogramming is employed. What’s more, only 


Dystac yields a plate-by-plate display of all column conditions. 

In heat transfer studies, Dystac will speedily and accurately 
solve hitherto unsolvable partial differential equations. It also 
makes practical for the first time instantaneous solutions to such 
trial-and-error problems as automatic optimization, automatic 
correlations, data fitting, probability distribution, Fourier analy- 
sis, convolution and superposition integrals and eigenvalue. 


When you buy a CSI computer with Dystac you are buying 
more than the finest general purpose analog computer. You buy 
additional capacity as well as capability. For when Dysrac ele- 
ments are not in use as memory devices they are available to the 
computer as operational amplifiers. Planning to interconnect 
digital and analog computers? Dystac is the answer. 

See Dystac in operation at our plant. If you can’t attend a 
demonstration write, phone or wire for full information. 


—S COMPUTER SYSTEMS, INC.., 61: sreasway, New York 12, New York, SPring 7-4016 


A Schlumberger Subsidiary e« 
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At another technical session, a representative of Varo Mfg. Co. 
described an unusual technique his company dev eloped to form a num- 
ber of semiconductor devices in a single substrata of single crystal 
silicon. Other companies working in this area: RCA and Motorola. 

But not every semiconductor device supplier has hitched its wagon 
to the sensational aspects of the semiconductor field. A lot of them 
are interested in supplying the components to “build the equipment 
which has been already designed and which will be sold next year.” 

That’s the way David Bakalar expressed what his company, Transitron 
Electronic Corp., will do. Transitron is another of the Cinderella 
electronics companies; it has jumped in five years from sales of prac- 
tically nothing to estimated 1960 sales of $50 million. 

Transitron, which will spend $5 million on semiconductor research 
in 1960, is directing some of its biggest research efforts at miniaturizing 
conventional semiconductor devices. At the IRE show the company 
introduced a miniature diode no bigger than a quarter of a dried pea. 
Transitron, says Bakalar, hopes to introduce a miniaturized transistor 
later this year. He said the semiconductor and electrical portion of 
development was solved; the big problem, it turns out, is packaging. 
Other Transitron new products: the first high temperature, radiation 
resistant, silicon carbide rectifier to replace silicon rectifiers in high 
temperature applications (up to 500 deg C) and a line of PNPN 
controlled rectifiers (also known as the silicon controlled rectifier) . 

The packaging problem has semiconductor companies trying a variety 
of new techniques. Pacific Semiconductors Div. of Thompson Ramo 
Wooldridge, Inc., for example, is using an oxide process to eliminate 
the metal case. The company is already selling diodes with such a 
package, has built a prototype mesa transistor the size of a pinhead 
with oxide coating instead of a metal can. Motorola is experimenting 
with a glass package. 

For its specialization, Fairchild Semiconductor Corp. has chosen to 
push the mesa transistor, a diffused base device that can be made with 
far better control than previous types of transistors. Motorola is plan- 
ning a big push on this type of transistor, too. Delco-Remy Div. 
of General Motors, not surprisingly, is gearing its semiconductor work 
to automotive applications. The bulk of Delco-Remy’s production to 
date has gone for transistorized car radios. But the company is now 
talking about semiconductor ignition systems. Sylvania Electric Prod- 
ucts, Inc., supplier of the broadest line of transistors available to industry, 
is aiming at high frequency applications, sees an increasing need for 
components operating in the microwave region. 

At this stage of the game, nobody is in a position to tell exactly how 
much of their semiconductor production is going into measurement 
and control applications. But makers will tell you that such applica- 
tions give them their biggest headaches because performance require- 
ments are stricter. With today’s production techniques, most companies 
don’t know what types of transistors they are making until they inspect 
them. High frequency transistors command the highest prices. 

Prices of transistors are a 
tricky thing to keep track 
of because they change so 
rapidly. As an example, 
when Philco introduced a 
high performance switching 
transistor in 1956, samples 
cost $100 a piece. The de- 
vice was first marketed 
commercially in 1957 at a 
cost of $60 per unit; the 
price dropped to $19 three 
months later and now sells 
for $6.75 each in lots of 
1,000. 
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Since its introduction in 1957 by General Electric, 
hundreds of firms have successfully incorporated G-E 
Silicon Controlled Rectifiers into their products. The 
impact of this revolutionary device that not only recti- 


C60 features an all hard-solder design for a high degree 
of freedom from thermal fatigue. 


New SCR Application Manual presents all signifi- 
cant design information developed to date and many 
new circuits. Your G-E Semiconductor Sales Repre- 
sentative also has complete application data. Many au 
thorized G-E Distributors now stock Silicon Controlled 
Rectifiers for fast delivery at factory prices in quanti- 
ties up to 100. 


fies but controls current is growing every day. Volume 
production of a wide range of SCR types is now a reality 
at General Electric. 

G.E.’s medium-current C35 Series provides blocking 
voltages to 400 volts and load currents to 16 amperes. 
The high-current C60 Series goes to 300 volts and 50 
amperes; low-current C10 Series 400 volts and 4 am- 


General Electric Company, Semiconductor Products 


peres. The C40 Series has ratings identical to C35, but 
is specially selected to furnish guaranteed fast turn-off 
time for inverter circuits. The C36 Series has ratings 


Dept., Electronics Park, Syracuse, N. Y. In Canada: 
Canadian General Electric Co., 189 Dufferin St., 
Toronto, Ont., Export: International General Electric 


Co., 150 East 42nd St., N. Y. 17, N. Y. 


lower than C35, with currents up to 10 amperes. The 





Maximum Allowable Ratings* c10o C35 c40 C36 cé60 
Series Series Series 
(8 types) (8 types) (5 types) 
25-400 25-400 100-300 


Series 
(7 types) 
25-300 


Series 
(8 types) 
Continuous Peak Inverse Voltage (PIV) 25-400 

and Minimum Forward Breakover Voltage (Vso) 
Transient Peak Inverse Voltage 

(non-recurrent <_5 millisecond) 
Average Forward Current, Single Phase (up to) 


Volts 


35-500 35-500 
4.7 @ 16 @ 16 @ 10 @ 
60°C Stud 65°C Stud 65°C Stud 43°C Stud 

Peak One Cycle Surge Current 60 150 150 125 
Operating Temperature —65°C to —65°C to —65°C to —40°C to 
+150°C +125°C +125°C + 100°C 


35-500 35-500 35-400 Volts 
50 (a 
87°C Stud 
1000 
—65°C to 


tT 150°C 


Amperes 


Amperes 


Characteristics At Maximum Ratings 

Maximum Forward Voltage (full cycle Avg.) 0.75 0.86 0.86 1.25 0.75 
at Maximum Forward Current 

Maximum Gate Current to Fire (Ice) 6 25 25 50 50 

Maximum Gate Voltage to Fire (Ver) 2 3 3 3.5 3.5 

Maximum Thermal Resistance (Rr) a” 2° oy 2.5° 0.7 


Volts 


ma 
Volts 
°C/watt 
Junction to Stud 





*Ratings shown are from the lowest to the highest rated types within the series. 
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PHILCO MAT TRANSISTORS 


are UNIVERSALLY APPLICABLE 
To All Logic Circuits Up To 5me 
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DIRECT COUPLED TRANSISTOR LOGIC FLIP-FLOP 
TYPICAL SWITCHING TIMES : t,=12 musec. ty=15 musec. 
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DIODE COUPLED TRANSISTOR LOGIC FLIP-FLOP 
TYPICAL SWITCHING TIMES; t,=20 musec. ty=60 musec. 
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RESISTOR COUPLED TRANSISTOR LOGIC FLIP-FLOP 
TYPICAL SWITCHING TIMES : t,= 40 musec. t= 110 musec. 
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RESISTOR CAPACITOR COUPLED TRANSISTOR LOGIC BINARY STAGE 
TYPICAL SWITCHING TIMES: t,= 30 musec. tp= 44 mysec. 





high frequency performance...at medium frequency prices 


The Philco 2N393 Micro Alloy Transistor 
(MAT) has proved its complete reliability 
in millions of operating hours in every type 
of computer logic circuit up to 5 mc. It 
combines all the advantages of high fre- 
quency performance with low price. The 
2N393 is easily designed into any logic 
circuit and offers the designer these im- 





portant advantages: 


Immediately available in 
quantities 1-999 from your 
local Philco Industrial Semi 
conductor Distributor. 


e High beta « High Vpe rating 

¢ Low saturation voltage « Low Ico 

¢ High speed ¢ Low hole storage time 
When you can buy so much for so little . . . 
don’t settle for less in your equipment. 

The 2N393 is also available ina military version... 
Mil 5-19500/77A (Sig.C.) 

Other Philco MATs to Meet Your Special Requirements: 
2N1122... with 11 volt rating 

2N1122A ... with 14 volt rating 

2N1427 . . . with additional parameter control 
For data sheets, write Department CE 560. 

*Reg. U.S, Pat, Off. 


PHILCO 


Be) Famous for Quality the World Over 


LANSDALE DIVISION e LANSDALE, PENNSYLVANIA 
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ENGINEERING 


An Experiment in Ethics 


After attending just about any technical meeting have you been as concerned 
as we over the free-for-all conduct of business? You're drawn to the meeting by 
the expectation that you'll get some technical updating, swap some know- 
how, and see the latest products. If you represent commercial opportunity 
for vendors, you expect that they'll want to show you their wares. If you're 
blessed with skills that are in urgent demand, you won’t be surprised when 
recruiters court you. Such is the nature of our free enterprise—to recognize 
favorable buying and selling arenas and to capitalize on them. That’s the way 
it should be. 

But the undisciplined scramble generates so many conflicting demands on 
your attention that you may wonder, and your employer will question bit- 
terly, why the technical societies that sponsor the meetings don’t lay down 
some sanitary laws for the conduct of business. It boils down to this danger: 
if you are continually distracted from the basic business at hand, the presen- 
tation and discussion of engineering experience, authors will cease to con- 
sider the meeting as a platform from which to present their most important 
work. The quality of the papers will suffer from neglect and the meeting will 
lose its principal drawing card. Over-zealous selling and recruiting will kill 
the golden goose. A market place will be abandoned. The question of sani- 
tary laws for technical meetings thus becomes vitally important to the vendor 
and the recruiter, as well as to you, the engineer who attends to learn some- 
thing new. If you have fretted over this problem, you will be interested in a 
voluntary “code of conduct” that the National Flight Test Instrumentation 
Symposium has officially adopted for its get-together the first week of this 
month in San Diego. It requests that vendors not demonstrate equipment 
during the hours scheduled for technical sessions and that entertainment 
suites close during the same hours. It declares that recruitment is “not in 
proper taste”—in fact it’s called “taboo”—during the entire symposium. That 
requirement seems over-righteous, but it’s worth a try. 

We consider this an extremely important experiment, because the princi- 
ple that it will test is a key to the success and growth of the technical societies. 
We present the pros and cons for your evaluation, because of our concern. 
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They wanted a low 
they chose Foxboro 
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| @qNew Hydrofluoric Acid Alkylation Unit at Imperial 
Oil Limited, Winnipeg, Manitoba. Unit was designed by 
the Universal Oil Products Company for Imperial Oil. 


PHOTOGRAPHY BY FREDERIC ALKIER, WINNIPEG 
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maintenance electronic system... 
Electronic Consotrol instrumentation 


problems of “frozen” air and 
vacuum tubes eliminated 
in new HF Alkylation Unit 
at Winnipeg, Manitoba 


There were significant reasons for installing Foxboro 
Electronic Consotrol* Instrumentation on Imperial 
Oil’s new HF Alkylation Unit in Winnipeg, Manitoba. 

First — Foxboro electronics completely eliminated 
their problem of air supply — particularly vexing in a 
climate where the temperature drops below freezing 
9 months out of the year. 

And second — they like Foxboro’s “‘all solid state” 
feature, because they'll never have an instrument 


failure due to a burned out vacuum tube. 








Imperial Oil also appreciates the compactness of 





_ Foxboro electronic control panels. Compact 3” x 6” 





controllers are located on sloping panel console — 4- 
inch strip chart recorders are integrally-mounted in 
graphic diagram. With a minimum of searching, the 
operator knows how the process stands. 


If speed of response, sensitivity, and reliability play 





an important role in your process, it will pay you to 
investigate Foxboro Electronic Consotrol instrumenta- 
tion. Ask your Foxboro Field Engineer about it. 
Or write for Bulletin 21-10. The Foxboro Company, 
855 Neponset Avenue, Foxboro, Massachusetts. 


*Reg. U.S. Pat. Of. 


A FOXBORO ELECTRONIC CONSOTROL PANEL at 


Imperial Oil includes 32 control loops. 3” x 6” Control Sta- 
tions are so compact they are mounted on panel console, while 


recorders are mounted directly in the graphic diagram above. Q86. U. 6. Pat. Ove. 
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Square Wave Generator 


1 cps to 1 MC; 0.02 usec rise time 


ép 211A Square Wave Generator. Versatile, wide range instru- 
ment for testing oscilloscopes, networks, video and audio 
amplifier performance, modulating signal generators, meas- 
uring time constants. Offers simple control of electronic 
switchers; is also convenient for indicating phase shift, 
frequency response and transient effects. 

Special features include two separate outputs — a 7 volt, 75 
ohm circuit for television work and a 55 volt, 600 ohm output 
for high level work. Both outputs offer full amplitude varia- 
tion. May be operated free-running or externally synchronized 
with positive going pulse or sine wave signal of 5 volts mini- 
mum amplitude. Compact, weighs only 25 lbs. Cabinet model, 
$300.00; rack mount model, $305.00. 


Pulse Generator 


0.07 to 10 sec pulses, 0.02 usec rise time 


@ 212A Pulse Generator. Time saving basic instrument for 
radar, television and other “fast” circuit work, including test- 
ing rf amplifiers, filters, band pass circuits; oscilloscopes and 
peak measuring equipment, pulse modulating uhf signal gen- 
erators. Offers positive or negative pulses of 50 watts ampli- 
tude, delay and advance sync out circuits for synchronizing 
to other circuits, direct-reading pulse length control, high 
quality pulses with 0.02 rise and decay, flat top and minimum 
overshoot. Jitter less than 0.01 psec. Permits delivery of accu- 
rate pulses to end of long transmission lines ; if line is correctly 
terminated, pulse shape is independent of line length, sync 
conditions, input voltage or output attenuator setting. Internal 
impedance 50 ohms or less, either polarity. Repetition rate, 
internal sync 50 to 5,000 pps, external syne approximately 2 to 
5,000 pps. Cabinet model $585.00 ; rack mount model, $570.00. 


Call your 4 representative for details or write direct. 
Data subject to change without notice. Prices f.o.b. factory. 


HEWLETT-PACKARD COMPANY 
1030H PAGE MILL ROAD « PALO ALTO, CALIFORNIA, U.S.A. 

CABLE ‘‘HEWPACK"' « DAVENPORT 6-7000 
HEWLETT-PACKARD $.A., RUE DU VIEUX BILLARD NO. 1, GENEVA 
CABLE ‘‘HEWPACKSA"’ TELEPHONE (022) 26. 43. 36. 

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


hp offers 122A Oscilloscope; dual trace, 200KC, *625 
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The Versatile Transistor 


NOR Circuit 


Solid state switching techniques are poised for a large scale invasion of 
the industrial control field. Here the author discusses the design and opera- 
tion of a single module—the transistor NOR—that is capable of performing 
all of the logic or low level switching functions in a control system, no 
matier how complex they may be. In addition, a hybrid equivalent of this 


module—the OR inverter—is introduced. 


ALBERT N. DeSAUTELS 


Maico Electronics, Inc. 


In recent years the increasing complexity of indus- 
trial control systems has imposed major penalties on the 
reliability and size of these systems. In their efforts 
to lengthen service life and reduce physical volume, 
control engineers have concentrated on the switching 
operations within systems. Much of these operations 
involve only the low power levels associated with pro- 
gramming and interlocking, which are usually referred 
to as logical functions. The search for reliable and 
compact low level switching devices has led directly 
to solid state components, particularly transistors. 

Although the transistor has a proven record in com- 
puter switching applications, it is only now that the 
time appears ripe for wide acceptance by industry. 
Two factors have helped establish the favorable atmos- 
phere. Transistor design and manufacture have become 
comparatively stable, entitling it to recognition as a 
compatible industrial-quality component. And _ the 
development of a universal logic module—the NOR 
circuit—has made the transistor available in a form 
which can be employed directly in industrial control 
systems without demanding a great amount of orig- 
inal electronic design effort from the control engineer. 

At this state of the art the basic logical functions 
of OR, AND, and NOT are widely known. The AND 
circuit is a configuration having an output and two or 
more inputs with the inputs arranged so that no out- 
put is obtained unless all inputs are activated. The 
simple diode circuit of Figure 1A _ illustrates AND 
logic. Under no-pulse conditions, both diodes are 
conducting and there is no output at C. A positive 
pulse at either A or B does not change the state of C. 
However, positive pulses at both A and B produce a 
positive reaction at C. Note that there is no inversion 
of signal in the AND circuit. 

Figure 1B presents a diode OR circuit, which is a 
configuration producing an output when one or more 
inputs are appliel. There is no interaction between 
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FIG. 1. Simple diode AND and OR circuits. 


FIG. 2. Transistorized versions of basic logical functions. 


signals, and as in the AND circuit, no inversion of ue 
nal. With no pulse on A or B, there is no output at C. 
A positive signal at either A or B causes conduction 
through R, and yields a positive pulse at C. 

The third logic element is the inverter or NOT cir- 
cuit. The characteristic of the NOT circuit is that 
its output will be of opposite polarity to the input. 


Transistor logic circuits 


Although diodes make possible simple gate circuitry, 
they do not possess the gain and superior on-off char- 
acteristics of the transistor. For this reason the three- 
input transistor OR and AND gates of Figure 2 are 
of interest. These particular circuits employ NPN 
transistors; however, the principle applies equally well 
to PNP transistors with appropriate changes in polarity. 





FIG. 3. Diode-transistor circuit 
for combination OR-NOT logic 


In Figure 2A it can be seen that when current flows 
through the load, a positive signal appears at either A, 
B, or C as required for an OR logical unit. In Figure 
2B, however, load current flows only when all three 
points A, B, and C become positive simultaneously. 
Equivalent logical functions can also be performed 
readily by electromagnetic relays. Although the make 
and break impedance characteristics of relays are su- 
perior to the on-off impedance characteristics of the 
transistor, the reliability and small size of the transistor 
are making it increasingly attractive in industrial con- 
trol applications. 

Diode and transistor logic circuits are often com- 
bined when the limitations of the application permit. 
Figure 3, for example, is a combination OR-NOT func- 
tion in which diode logic supplies the OR condition, 
while the transistor provides the inversion. A suffi- 
ciently positive signal at A, B, or C will cause a de- 
crease in voltage with respect to ground at D. If 
higher gain or discrimination is needed, the diode logic 
can be replaced by transistor logic, as shown in the 
OR-NOT circuit of Figure 4. Here a positive signal 
at A, B, or C will provide a negative-going signal at D. 
Figure 5 illustrates a combination NOT-OR-NOT cir- 
cuit which provides a positive-going output when the 
input at A, B, or C is positive. 


NOR circuit principles 


The transistor NOR circuit is a single element that 
can perform all logical operations with a minimum of 
concern for input matching and output loading. NOR 
circuitry makes use of the switching facilities of a junc- 
tion transistor in the common emitter connection. In 
addition to the junction transistor, the NOR logic cir- 
cuit, or resistor-transistor logic as it is often called, 
includes a resistor R in series with the base lead and 
a current limiting resistor R, in series with the voltage 
supply to the transistor collector. The emitter serves 
as the ground point. 

The basic NOR circuit, Figure 6, can be defined as 
an amplifier inverter having a multiplicity of base 
resistors. Although PNP transistors are shown in the 
figure, NPN devices will serve just as well with voltage 
supplies of proper polarity. The building block con- 
sists of a resistor gate followed by an inverting transistor 
amplifier. The gate is an OR gate to ground signals 
and an AND gate to off-ground signals. The number 
of resistive legs on the input gate is referred to as 
the “fan-in” and the number of outputs which can 
be applied as collector loads is designated as “fan-out”. 


FIG. 4. Transistorized circuit for 
making OR-NOT decisions 





FIG. 5. Transistor NOT-OR-NOT 
logical chain. 


Assume initially that the transistor is cut off. ‘The 
combination of V» and R, supplies a bias to reduce 
transistor leakage current to a minimum. ‘Thus, in 
the cutoff state, the negative voltage level at E is 
approximately equal to power supply voltage —Vve-. 
When a voltage pulse of sufficient amplitude and 
proper polarity is applied to the cutoff transistor at A, 
B, C, or D, current flows through R to the base, caus- 
ing the transistor to saturate or turn fully on. Now 
there is an extremely low impedance between collector 
and emitter, and the voltage level at E approaches 
ground potential. Removal of the input pulse causes the 
transistor to cut off, and E returns to its previous level. 
Thus, the circuit of Figure 6 is properly regarded as a 
NOR circuit since an output exists only if neither 
A nor B nor C nor D is energized. 

The NOR building block can be applied to perform 
the functions of AND, OR, and NOT. The latter is 
an inherent capability of the circuit and is provided 
simply by using only one of the input lines of Figure 
6. A one-input NOR is a NOT or inversion circuit 
because if the input signal is 0, the output is 1. Con- 
versely, the output is 0 when the input is 1. It is pos- 
sible to consider a change in output from —v,. to 
ground potential as a positive-going output signal or 1. 
If this is done, the NOR element can be made to per- 
form OR logic since a signal at A or B or C or D pro- 
duces this positive-going output. 

To convert the NOR element for AND functions, all 
of the input lines are given a negative bias. Thus the 
steady state output of the circuit is 1. A negative- 
going output signal is not produced until positive input 


FIG. 6. Schematic diagram of 


resistance-transistor NOR circuit. 
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signal voltages are impressed on A and B and C and D. 
Thus, it is seen that all possible combinations of logic 
may be achieved with one basic building block. Al- 


though, in practice, refinements may be added to the. 


basic circuit to improve temperature stabilization and 
operational speed, NOR combinations are compounded 
with a minimum of problems. Simplicity of the circuit 
makes it easy to provide individual tolerances that add 
up to the total allowable for the logic combination. 
In addition, the individual building block concept for 
assembling logical circuitry has the advantages of pro- 
viding automatic isolation of failures and facilitating 
replacement of defective units. 


NOR circuit design 


The NOR circuit is extremely flexible. It can be 
subjected to various input and output loadings, a wide 
range of operating temperatures, and considerable vari- 
ations in supply voltage. Nevertheless for practical 
application, it is well to know more definitely what can 
be expected from a circuit for certain operational con- 
ditions. With reference to Figure 6, the basic circuit 
= for the NOR circuit can be defined as fol- 
Ows: 


7, = minimum current through R for switching transis- 
tor on 

I, = minimum base current for switching transistor on 

I, = bias current needed to keep transistor off at maxi- 
mum operating temperature 

m = maximum allowable number of inputs 

J = maximum allowable number of outputs 
maximum base-to-emitter voltage with transistor 
full on 
reverse base-to-emitter voltage to reduce J. to Ico 
maximum collector current 
minimum collector current at maximum operating 
temperature 
= maximum collector-to-emitter voltage with transis- 

tor on 
minimum collector-to-emitter voltage with transis- 
tor on 
collector supply voltage 
bias supply voltage 
margin of safety multiplier to allow for future gain 
decrease (typical value is 2) 


If transistor characteristics, dc operating points, and 
the number of inputs m are known, a useable NOR 
circuit can be designed using the following relationships: 


1 


- (1) 
sly + Teo + 0.25 


~(m — 1) 


R 


This equation indicates the maximum number of 
following NOR circuits or outputs that may be con- 
nected to the output of a given NOR circuit under the 
worst loading conditions. Maximum loading on the in- 
put occurs when a minimum input voltage is impressed 
on one input and all other inputs are grounded. For 
this case, the input current is given as 


Vib — Vbe oe) 
R, R 


Tis = sl, + (2) 


I, is determined by the minimum gain of the transistor 
for the chosen value of collector current I.. vs, is a 
function of base current and is the voltage at the base 
with respect to the emitter. 


Vee — VE — I alte 


R= Th 





— NR. (3) 
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R, is determined by the current limit desired 
given V... 


- _(cm — UR) m 


R, 


Von — UR 
R, = 
I, 


Up + UR Ven — Up) 
—(m— 1 


R, R 
Equation 4 can be solved for I,, the current through 
bias resistor R, when the transistor is not conducting. 
This relationship applies at the maximum expected 
junction temperature and with maximum input load 
ing. I, must be known for substitution in Equation 5 
to find the value of R, necessary to insure that th« 
transistor will cut off at the maximum junction tem 


h=-l-li;- (6) 


FIG. 7. Combination of NOR circuits to 
perform AND, OR, and inversion operations 


perature. Equation 6 yields the value of I, needed 
to establish an adequate base drive to saturate the 
transistor when input and output loading effects are 
maximum. 

Capacitors may be added in parallel with each input 
resistor R to compensate for transistor hole storage 
effect and provide a “speed up” characteristic. The 
approximate RC relationship that establishes a prac 
tical value of capacitance is: 

1 


5RCs — 
maximum repetition rate 


For three or more inputs, it may be advisable to use 
speed-up capacitors. Simultaneous positive transients 
on two of the inputs will momentarily overpower the 
third, turning the transistor off and producing collector 
spikes. 

Transistors to be used in NOR circuitry should be 
extensively tested to obtain individual units having 
optimum characteristics. Important parameters in 
clude the maximum value of I,, for a specific value of 
Vee that is stable at the high temperature limit, the 
current gain associated with I, just after saturation, 
and the collector saturation voltage (which should be 
less than 0.25 volts). , 

To illustrate the use of the NOR modules, assume 





FIG. 9. Logical switching arrangement in which OR 
elements are substituted for NOR configuration. 


that this Boolean expression is to be implemented: 
(A+B4+C+D) (E+F4+G+H)+(A4+B) J+J) =Z 


In Boolean notation the AND relationship is presented 
as a product and is known as logical multiplication. 
The OR function is stated as a sum and is known as 
logical addition. The diagram for performing this 
logic is shown in Figure 7. This arrangement uses 
eight NOR modules, each containing six resistors 
and one transistor for a total of 48 resistors and eight 
transistors. Diode gating for the same expression 
would require 18 diodes and seven resistors and pos- 
sibly two or three transistors for amplification. ‘The 
greatest single advantage of the NOR module is that 
there is but one building block for the designer to deal 
with and for his firm to manufacture or stock. A dis- 
advantage is the need for two separate bias voltages in 
each module. NOR circuits are best used where there 
are many input and output variables. 


NOR vs OR circuits 


NOR circuits are likely to be used in a chain as 
shown in Figure 8. Here v.» supplies through resistor 
R, a cutoff bias which can be affected by variations 
in the saturation voltage of the driving stages. These 
variations in Vs are attenuated by an amount propor- 
tional to the ratio of R to R + R,. Thus if the 
value of R is large compared to R,, variations of Vs 
are attenuated sufficiently to have negligible effect on 
cutoff bias. A large value of R also makes the current 
supplied by each coupling resistor to the base of the 
on stage essentially independent of variations in the 


transistor input impedance. Another benefit of select- 
ing a high resistance for R is that it tends to isolate 
the various inputs to a single stage. At the same time 
however, the high resistance limits the current avail- 
able to charge the distributed capacity and to supply 
the base, and thus slows the switching speed. ‘This 
is solved by using high Beta, high speed transistors. 

Because transistor I’, conducts when any of its inputs 
are negative, it will conduct if either T;, T,, or T, are 
not conducting. Should any one of the driving tran- 
sistors be saturated, allowance must be made for the 
amount of current that is subtracted from the base 
drive by the conducting transistor. Large values of R 
decrease this feedback current but also decrease the 
available drive current. 

\ clamping diode connected between the collector 
of the transistor and an additional negative voltage 
supply (for the PNP version of the circuit) serves to 
limit the collector swing and prevent collector-to-base 
breakdown. If this expedient is adopted, R. must be 
small enough to provide both current for the diode and 
sufficient drive for following circuits. The clamp does 
eliminate the effect of current variations in R which 
are caused by fluctuating I... Storage time, which 
limits the possible repetition rate, can be decreased by 
increasing V», to provide cleanup current. The effec- 
tiveness of this measure, however, is limited by a result- 
ing decrease in turn-on time. Speedup capacitors can 
also be connected across R; although as previously 
stated, this action restricts the number of inputs which 
can be handled successfully. 

From the earlier discussion of the adaptability of 
the NOR module to OR logic, it should be apparent 
that the combination of a conventional transistor OR 
with a conventional transistor NOT (inverter) can 
provide the functional equivalent of a NOR circuit. 
It is of interest to compare the pure NOR arrangement 
with the OR-NOT combination. For this purpose a 
typical OR-inverter chain is shown in Figure 9. 

The chief advantage of this approach is the abilits 
to provide a constant and well controlled drive to each 
stage. This drive is unaffected by either transistor 
parameters or the number of simultaneous inputs. The 
action of the module follows the most positive of the 
input voltages. If any input is sufficiently positive to 
cut off the transistors, variations of the other inputs are 
of no consequence. If all inputs are negative, the 
transistor conducts and the current in R, determines 
the voltage on the cathodes of the input diodes. As long 
as all input voltages remain more negative than this 
value, variations in the input voltage do not affect the 
transistor. As in the NOR circuit, a speedup capacitor 
across R works well for providing cleanup current to 
decrease storage time. It can be noted from Figure 9 
that the OR inverter module requires more components 
and would therefore cost more than the NOR module. 
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How to Compute Load Constants 


from Response Curve Data 


B. B. BELLIT, Lockheed Aircraft Corp. 


THE GIST: Analysis, test, and 
simulation of a control system 
which has a power actuator as 
an output device always in- 
volve specific knowledge of the 
load dynamics. Where direct 
measurement or computation of 
these constants becomes too 
complex, a graphical technique 
may provide the solution. Here 
the author describes such a tech- 
nique as applied to a space 
vehicle inertia simulator. It re- 
quires one assumption . . . that 
the load behaves as a second 
order linear system. 
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The rotating mechanical load 
shown in Figure 1A was designed and 
built to simulate the dynamic inertia 
of a space vehicle about one axis. Its 
closed-loop control system, Figure 1B, 
consists of a single autopilot channel 
which torques the vehicle through a 
set of reaction jets. The characteristic 
of the autopilot was readily measured 
—not so with the vehicle dynamics. 

Certainly the load inertia and damp- 
ing coefficient can be specified in ad- 
vance to permit analysis or synthesis 
work to proceed, but at some point 
in the development of the system it 
becomes necessary to gain assurance 
that the actual mechanical constants 
of the load do indeed correspond to 
the values specified. In systems which 
drive irregular rotating loads like the 
simulator in Figure 1, computation of 


the actual load constant often poses a 
serious problem. 


No direct approach 


In Figure 1A for example, note 
that the simulator comprises a num- 
ber of different density components, 
few of which are symmetrical about 
the axis of rotation. This layout pre- 
cluded any attempt to compute total 
inertia by summing the inertias of the 
separate mass elements. The tests 
further required that total inertia of 
the load be adjustable between the 
limits of 12 to 35 slug-ft*®. Large steel 
bars, mounted on slide rods, provided 
this capability. Inertia could then 
be set by a repeated trial and error 
process. Direct measurement, how- 
ever, still stood as a formidable barrier. 
Since the simulator characteristic was 





FIG. 2. Simplified 





schematic of the 
mechanical load. 








Equation of motion: 


intended to approach that of a fric 
tionless inertia, a measure of friction 
levels was also imperative. 

Figure 2 represents a schematic of 
the mechanical system, Essentially it 
consists of a pure inertia ] and a re- 
tarding viscous friction whose coefh- 
cient is B. Two springs, with a com- 
bined spring constant k, acting at a 
distance r from the axis of rotation, 
were added to facilitate the measure 
ment. In effect the springs added re- 
straint, thereby creating a conven- 
tional second order damped system. 

Actually two alternate sets of springs 
were used: one with a compliance of 
0.04 in. per lb and the other with a 
compliance of 1.0 in. per lb. This 
helped to determine whether or not 
a pseudo-spring force, produced by 
unbalance of the center of gravity in 
the vertical plane, was of any conse- 
quence. If results of tests using dif- 
ferent sets of springs failed to show 
close correlation, a vertical adjustment 
of the center of gravity would provide 
the necessary correction. To insure 
linear performance of the springs, a 
slight preload was maintained in the 
zero or rest position of the system. 


t(s)=J@s*+B@stkr°9 


Graphical solution 


Response to a step input was ob- 
tained by rotating the simulator 
through an angle of about 14 deg, 
releasing it, and recording the time 
history of its angular position as the 
vibration decayed. A typical trace of 
angular position versus time is shown 
in Figure 3. <A trace such as this 
was analyzed to yield wp, the damped 
natural frequency, and ¢, the damping 
ratio. These graphically determined 
values were then used to compute the 
inertia J and friction coefficient B of 
the load. From the equation of mo- 
tion in Figure 3, the load transfer char- 
acteristic may be expressed as follows: 


0 (s) 1 
; 


7 Js? + Bs + kr (1) 
This expression can be put in the 
more general form for a linear second 
order system, i.e., 

Cc 1 

- (9) = ———__— (2) 
R 3? + 2, +1 
Wn? Wn 

where ,, the undamped natural fre- 
quency, equals w)/\/1 — &. Solving 


for J and B in terms of » and ¢ yields 
the equations needed for computation: 


Ma) 


J= : (3) 


@D 


and Ba 2¢ ket V 1 — ¢* (4) 





@D 

Equations 5 and 6 below the response 
curve in Figure 3 show how the 
damped natural frequency is readily 
determined by the measured wave- 
form period T, and the damping ratio 
by measured peak amplitudes. The 
term x,/x. in Equation 6 is called 
the subsidence ratio. Actually x, is 
the measured amplitude of any peak 
(positive or negative); x, is the am- 
plitude of the mth succeeding peak. 

Figure 4 shows a logarithmic plot 
of Equation 6 using m as the para- 
meter. Once the subsidence ratio 
has been computed, the damping ra- 
tio can be read directly from the 
appropriate m-curve. Such a plot can 
be quite useful, particularly in work 
involving a trial and error test. 
Application limits 

While the graphical method de- 
scribed above has proved successful in 
the case of the inertia simulator, it 
cannot be applied indiscriminately. 
The entire procedure is predicated on 
the existence of, or creation of, a 
second order linear system. To deter- 
mine whether or not a particular sys- 
tem lends itself to this technique, it 
will be necessary to first compare its 
response to that of the second order 
system. If its period of oscillation is 
constant and the subsidence ratios cor- 
respond to those of the perfect system, 
then the technique can be used. 
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S Transducers for 
Precision Position 
Measurement 


THE GIST: The increased sophistication of numerical control systems 
users has cleared up the early misunderstanding that a precise control 
alone could make up for inherent faults of the machine. Now fully aware 
of their responsibil ities in gaining accuracy objectives, machine builders 
are steadily improving the art of mechanical design. But they are making 
things harder for the control engineer. With the machine builder now 
really able to use high electrical accuracies, control engineers may have to 
upgrade their systems. Top attention must be given to the position 
measuring transducer, since it sets the accuracy limits of the feedback loop 
Author Morin describes six high precision transducers with measurement 
capabilities up to one part in a quarter million. 


1. PIN-AND-PAWL MECHANISM 
JOHN O. MORIN 
Concord Control, Inc. 

The electromechanical arrangement shown in Fig- 
ure 1 has been applied successfully to a rotary posi- 
tioning table with a resolution of better than 5 sec 
of arc, or one part in 260,000. It makes use of a 
series of pins or bench marks separated by precise a ao Pow! slide coriage 
2-deg increments. An auxiliary slide-mounted con- me (180) 4 es Contact actuator 
tact actuator permits interpolation between any two Spring lontact slide 
adjacent bench marks. The concept is applicable Adjustment 
also to linear point-to-point positioning systems of 
any length, but not to continuous path control. 

At the start of a positioning sequence, the pawl ts 
is disengaged from the pins and the table rotated on * 
to the closest 2-deg point by means of a rapid traverse / 
motor and coarse instrumentation. The table is al- 
lowed to overdrive so that the pawl can drop in 
behind the nearest pin. The rapid traverse motor is 
then declutched, and a creep motor, which always 
turns the table clockwise, is energized. Simulta- 
neously, the pawl slide is driven through a slip-clutch 
so that the pawl always maintains positive contact 
with the selected pin. As the table rotates slowly, s77 7 ~=Poul solenoid 
the pawl slide moves until the contact actuator is 
tripped by a dog on the pawl slide. When the Reset motor 
contacts operate, the table drive is declutched and 
the table, clamped. 

Note that the pawl strikes an adjustment screw 
located beside the pin. The pawl has an angular 
face contacting the pin so that moving the screw FIG. 1. Warner & Swasey electromechanical position 
in or out changes the position of the table at which transducer based on pin-and-pawl mechanism. 
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the pawl slide trips the contact actuator. Adjusting 
these screws precisely locates switching points. 

The contact actuator is mounted on a slide so 
that it can be moved forward or backward relative 
to the pawl dog. ‘The slide is instrumented and 
powered so that it can be preset to the desired 
fraction of the 2-deg interval. Thus the contact 


actuator slide provides the means of interpolation 
between bench marks. Because of the limited range 


2. MAGNETIC BENCH-MARK SYSTEM 


In a magnetic analogy of the pin-and-pawl arrange- 
ment, the pins are replaced with magnetic blocks, 
and the pawl is replaced with an E-shaped electro 
magnetic reading head. The Pratt and Whitney Co., 
Inc, manufactures positioning control systems of this 
type. ‘The magnetic transducer has a major advan- 
tage over the pin-and-pawl device because the read- 
ing head does not touch the magnetic block, so that 
the transducer never needs recalibration to compen- 
sate for wear. 

This magnetic transducer is more complex than 
the mechanical device. Even at maximum error 
the signal from the reading head is at a low power 
level, and as the position error becomes smaller, the 
output voltage drops proportionately. ‘To maintain 
good accuracy, a reasonable amount of voltage gain 
is required. In addition, sufficient power gain must 
be furnished to operate either a continuous or con- 
tactor servo. Like the mechanical device, this trans- 
ducer uses blocks of position data for both coarse 
positioning and for the vernier. However, because 
the vernier is a two-speed servo, it requires more data 
than its mechanical counterpart. As in the case of 
the electromechanical system, there is a necessity 
for resetting the interpolation vernier, so the instru- 
mentation is not readily adaptable to contouring. 

As shown in Figure 2, the machine member under 
control has a measuring bar mounted on one side. 
The bar consists of a number of magnetic blocks 
accurately located at 1-in. intervals. Attached to a 
fixed portion of the machine head close to the meas- 
uring bar is a balanced E-magnet structure. The 
winding on the center leg is excited with a suitable 
voltage; the windings on each of the outer legs are 
connected in series opposition to form a single 
output winding. When the reading head is at the 
magnetic center of the block, the voltages in the 


Table drive 





of the slide, its accuracy requirements are much less 
than the overall accuracy of the system. ‘To permit 
interpolation to the nearest 0.001 deg (3 sec of arc), 
for example, the slide position must be set to one 
part in 2,000, which is well within the capability 
of precision screws. ‘The rough instrumentation 
for locating any given pin needs an accuracy of about 
one part in 300 or 400, which can be provided by 
synchros, potentiometers, or switches. 


two legs are balanced and the output is zero. At 
any other position the output voltage has a magni 
tude and phase proportional to the distance and 
direction from the magnetic center of the blocks. 
As the table is moved, the output of the sensing 
head decreases to zero once for each inch of move 
ment. For maximum precision the magnetic center 
lines are accurately located by stoning the sides of 
each block. In addition, the cumulative error in the 
string of bench marks can be made to approach zero 
by proper calibration of each point. 

Interpolation between bench marks is accom- 
plished by presetting the reading head to the fraction 
of an inch desired. This positioning is done by 
means of a motor driving a precision screw which 
carries separate feedback instrumentation. The posi- 
tion of the table that produces a null signal from 
the sensing head shifts as the head is moved with 
the precision screw. 

When the machine member is to be positioned, 
it is driven first to the correct l-in. point by means 
of a motor and coarse instrumentation on the table. 
The member then moves at greatly reduced speed 
until the output from the reading head is zero. ‘The 
member is always positioned in the same direction 
to obtain the best repeat accuracy. 

The accuracy required.in the calibration of the 
bench marks is at least as high as the accuracy ob- 
jective for the overall system. In the case of the 
Pratt and Whitney devices, the bench marks are 
located to better than plus or minus 0.000] in. 
Similarly the reading head accuracy is maintained at 
plus or minus 0.0001 in. over a distance of 1 in. 
(one part in 10,000). ‘This requires a two-speed 
position control on the interpolation vernier. As 
in the electromechanical device, systematic errors are 
calibrated out, but random errors are unaffected. 
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3. RESOLVER-TYPE TRANSDUCERS 


Resolvers are in common use as feedback trans- 
ducers. In this device a magnetic field established 
in the stator produces a voltage in the rotor output 
winding whose phase or amplitude depends on the 
mechanical angle between rotor winding and stator 
windings. At the present state of the art, one revolu- 
tion of a resolver cannot be divided into more than 
about 1,000 parts. If higher accuracy is needed, the 
resolver must be geared so that it makes many revo- 
lutions for each revolution of the driven member. 
Even in such design, gearing inaccuracies, not re 
solver errors, limit the system accuracy to within 
about 10 or 20 sec of arc. 

To avoid gearing errors it would be advantageous 
to have a resolver with a great number of poles so 
that it can be directly coupled to the driven member. 
This is actually possible in the Farrand Inductosyn 
in which the stator and rotor are wires printed on 
a pair of stable glass discs, rather than wires im- 
bedded in an iron structure. For use in binary 
systems, it has been made with 128 poles in which 
the rotor voltage completes 64 cycles per revolution. 
Decimal systems typically use 200 pole units deliver- 
ing one complete rotor voltage cycle every 3.6 deg. 

In practice the Inductosyn is coupied directly to 
the rotating member. A conventional resolver also 
coupled to the driven member locates the proper 
3.6-deg interval of the Inductosyn. When the cor- 


rect interval is reached, the Inductosyn stator is 
excited with a pair of voltages representing the sine 
and cosine functions of the angle between the rotor 


and stator at the desired table position. At this 
position the rotor voltage is zero. The driven mem- 
ber is then rotated until a null detector indicates 


4. ELECTROSTATIC TRANSDUCERS 


Figure 3 is a schematic drawing of an electrostatic 
transducer designed by the Telecomputing Corp. 
to measure the angular position of a precision theodo- 
lite. The transducer consists of a pair of stable 
circular glass plates. One of these is attached to 
the movable member whose position is to be meas- 
ured, and the other is attached to a fixed member. 
The two discs are mounted concentrically, with their 
faces separated by a small air gap. All electrical con- 
nections are made to the fixed or driver disc. 

Photoetched metallic patterns are bonded to the 
surfaces of each disc. The complicated pattern on 
the driver disc, Figure 4, consists of concentric rings 
1, 2, and 3, which form the output circuit, and bands 
A, B, C, and D, which form the input circuit. Bands 
A and B and bands C and D are pairs of conjugate 
sinusoids which are separated by 90 deg. Two ac 
signals 90 deg apart in time excite the driver bands. 

The pattern on the coupler consists of two alter- 
nate rows of bars and spaces, Figure 4B. The bars 
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that rotor voltage has decreased to zero. The output 
voltage for a 10-sec error from null is about 5 to 10 
microvolts, which has to be amplified to be useful. 

The Inductosyn requires no calibration because 
the fixed position of the printed wiring determines 
accuracy. Errors are held to a few seconds of arc. 
The entire rotor couples to the entire stator so that 
local irregularities in the printed pattern are aver- 
aged out. In addition, both systematic and random 
eccentricity and run-out do not contribute errors. 
Accuracy really depends more on the electronics 
driving the Inductosyn than on the device itself. 
The two-phase 10-kc input signals, which are derived 
from a digital to analog converter fed from the tape, 
must have low distortion and must also have ex- 
tremely good amplitude regulation. Also, the mag- 
nitude of the rotor voltage at any given angle is a 
function of the stator-to-rotor air gap; hence this 
distance must be maintained constant. In effect the 
coarse instrumentation divides a circle into 100 parts, 
and the Inductosyn subdivides each of these into 
1,000 parts to provide a resolution of one part in 
100,000 or approximately 10 to 12 sec of arc. 

The linear version of the Inductosyn similarly 
comprises precisely spaced conductors printed on 
glass plates. One plate, called the slider, is fixed to 
the bed of the machine and acts as the stator. The 
second plate, or scale, attached to the moving mem- 
ber serves as the rotor. The slider is arranged in 
two circuits, one-quarter cycle out of phase with 
each other, which form a two-phase stator with cne 
cycle extending over 0.1 in. of movement. The linear 
Industosyn has been used to discriminate increments 
of less than 0.00002 in. over a total length of 20 in. 
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FIG. 3. Schematic assembly of 
electrostatic disc transducer. 


are shown as rectangular elements for simplicity. 
Actually they are sectors of circles concentric with 
the axis of rotation. The widths of the bars and 
spaces are the same, being equal to one-half the 
wavelength of the driver sinusoids. 

Figure 5 is a composite of the coupler and driver 
patterns. ‘The bars in the coupler pattern present 
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A—Drive pattern. 
B—Coupler pattern. 
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FIG. 5. 
Composite of driver 
and coupler patterns 


varying amounts of capacitance to the driver pat- 
tern, depending on their relative positions. There- 
fore, the amount of current coupled (from the driver 
bands through the coupler bars to the output ring) 
is also a function of their relative position. In this 
case the bars in the upper row are coupling equal 
voltages from each member of driver pair A and B. 
But because the driving voltages are equal in mag- 
nitude and opposite in sign, the net signal contri- 
bution from rings A and B to the coupler pattern 
is zero. At the same time, however, the bars in the 
lower row are coupling a maximum amount of volt- 
age from ring D and a minimum amount of voltage 
from ring C. The net voltage derived from output 
rings 1, 2, and 3 is the vector sum of the four coupler 
voltages. This output voltage is constant in ampli- 
tude but has a phase angle, relative to any one of 
the input voltages, that varies from 0 to 360 deg as 
the coupler bars move across each sinusoid. 

In addition to the patterns just described, another 
set of concentric patterns is deposited on the discs 
to measure their rough position. The second set 
is similar to the first, but has a period equivalent to 
180 deg of mechanical rotation. The device has to 
rotate only one-half revolution; hence 180-deg sym- 
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metry is acceptable. This could be changed easily 
to provide for continuous rotation if necessary. Since 
the coarse and fine patterns are closely spaced, there 
is possibility of cross-talk which can cause measure- 
ment errors. To avoid this the patterns are excited 
at two frequencies and the outputs passed through 
tuned filters to remove unwanted components. 

The output of a unit constructed with 200 ele- 
ments in the fine pattern resembles that of a 400- 
pole resolver. The phase of the output voltage 
advances 360 electrical deg for each 1.8 deg of 
mechanical rotation, and this signal can be further 
subdivided into 1,000 parts. Hence the position of 
the rotating member can be measured to one part in 
200,000 or about 6 sec of arc. To achieve this resolu- 
tion the pattern accuracy must be held to a few 
seconds of arc. Because the net output is an average 
of all the elements, local irregularities in either pat- 
tern are canceled out. Likewise, systematic and ran- 
dom errors are automatically compensated for. 

As a system component, this transducer has many 
of the same requirements as the Farrand device. The 
stator must be excited with a set of high audio fre- 
quency (0.5 to 30 kc) excitation voltages that are 
low in harmonic distortion, matched in amplitude, 
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and exactly 90 deg apart in phase. The output volt- 
age level is quite low (a few millivolts), as is the 
power level. This transducer has two major advan- 
tages, however. It requires the generation of only 
one command voltage, with consequent reduction 
in the amount of logical circuitry. And this com- 
mand signal consists of phase-shifted data which 
can be generated simply and accurately by means 
of electronic counting circuits. In addition, count- 
ing techniques can be used to measure the error 


5. CODED-DISC TRANSDUCER 


One type of optical device is particularly useful 
in digital control systems because its output is a 
binary number representing the angular position 
from a fixed zero reference point. This transducer 
uses binary-coded discs, Figure 6, of the type manu- 
factured by The Baldwin Piano Co. and W. and 
L. E. Gurley. The discs of dimensionally stable 
glass carry a pattern of clear and dark areas. As 
shown in Figure 7, a lamp illuminates the disc and 
transmits its pattern through a slit to a bank of 
photocells aligned along a radius. There is one cell 
for each zone or band on the disc. The output from 
the photocells constitutes a binary number uniquely 
associated with a particular mechanical angle. For 
an N zone disc, 2¥ angular positions can be identified. 

At the present time, at least one supplier of these 
transducers offers an 18-zone encoder having 263,144 
quanta in the finest zone. This unit theoretically 
permits measurement to slightly better than 5 sec 
of arc. A disc of this resolution must be illuminated 
with a flash lamp because a steady intense light 
source would cause irregular heating effects that 
would lead to large errors. No coarse. instrumenta- 
tion is required since all the necessary position in- 
formation is included in the 18-bit binary number. 

The binary-coded disc transducer is commonly 
used as the feedback element in control] systems of 
moderate accuracy (one part in 60,000 or less). The 
reason for this popularity is the convenient numerical 
form of the transducer output and the command 
input. The error detector employed here is some type 
of device which produces a voltage proportional to 


between the command signal and the transducer 
output, although phase sensitive discriminators are 
employed in the Telecomputing Corp. system. 

The problems involved in generating a 20-kc phase- 
shifted signal accurate to plus or minus 0.1 percent, 
either by switching tapped transformers or by elec- 
tronic phase-shift decoders, limit the speed at which 
command data can be obtained. Thus it appears 
that this approach will be confined to positioning 
rather than continuous path systems. 


the difference between the command number and 
the feedback number. Generally the error detector 
requires Only a limited proportional range. Its out- 
put should be linear over the seven or eight least 
significant bits but may be saturated or constant for 
errors greater than this. 

Because command numbers can be generated by 
electronic counting techniques at a fairly high rate, 
this transducer is applicable to both contouring and 
positioning systems. In contouring systems, feed 
rates are limited by the sampling rate of the lamp, 
which is generally less than 100 flashes per sec. The 
effect of sampling is to introduce a time delay in 
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the feedback loop, thus making the response of the 
system somewhat slow for high feed rates. 

Linear binary strips have been made with a pattern 
accuracy of plus or minus 0.0001 in. Since the pat- 
tern is sensed along a narrow line, it is extremely 
difficult to join lengths of strips to form longer 
scales. Maximum length at present is about 3 ft. 

In this type of transducer the output number de- 


6. DIFFRACTION GRATINGS 


A second type of optical transducer uses coarse 
diffraction gratings that provide a shifting light in- 
tensity pattern as the gratings move relative to each 
other. Figure 8 shows one such grating as it would 
be mounted on the side of a machine. It has an 
accurately known number of lines per inch that are 
ruled at right angles to the direction of motion. A 
similar grating is superimposed over the first grating 
and is slightly tilted. When the gratings are illumi- 
nated, the angular intersections of lines on the two 
gratings interfere with the light passing through 
and create a pattern of moire fringes. The pattern’s 
light intensity distribution is roughly sinusoidal. 

When one grating is moved with respect to the 
other at right angles to the line structure, the fringe 
pattern shifts in the direction of the lines. The 
direction in which the pattern shifts depends on 
the direction of the relative displacement. If a 


small area of the pattern is examined, it will change 
from dark to light and back to dark when the rela- 
tive motion is equal to the center-to-center distance 


between lines. Thus the amount of motion can 
be determined very precisely by counting the number 
of bands passing a photocell, providing the number 
of lines per inch of grating is accurately known. 
For example, if the grating has 1,000 lines per in., 
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FIG. 8. Interference patterns in a 
diffraction-grating type of transducer. 


pends on the illumination of zones lined up along 
a single radius. Any runout, bearing noise, or ec- 
centricity will cause shifting of the zones and, hence, 
incorrect readings. In addition, the amount of light 
incident on the photocell sensing the outer zone 
is very small, making reliable readings difficult. These 
are the principal reasons why coded discs are not 
widely accepted for high accuracy applications. 


motion of 0.1 in. will cause 100 interference bands 
to pass the inspection point. 

If direction of motion is to be determined, there 
are two points of inspection, separated by an odd 
number of quarter wavelengths of the fringe pattern. 
Their outputs form a two-phase electrical signal 
containing information on both the amount and di- 
rection of motion. In addition, the occurrence rate 
of the fringe pattern is a measure of the rate of 
motion. 

The accuracy of the transducer is a function of the 
number of lines per inch of the gratings. Sys- 
tems using this device produce an output pulse when 
the area examined is at maximum light intensity 
and again when the intensity is a minimum. There- 
fore, a grating with only 500 lines per in. can be 
used to measure to 0.001 in. Since gratings with 
5,000 lines per inch are readily available, a measure- 
ment accuracy of 0.0001 in. can be realized. 

This measuring system is entirely free from friction 
and wear. Because the position information is the 
integrated result of a large number of line intersec- 
tions, lengths of grating can be placed end-to-end 
with small gaps to simulate a single long grating. 
The loss of a few lines merely lowers contrast slightly. 
Dust and scratches and local irregularities in the rul- 
ing have little effect on the accuracy. 

Diffraction-grating instrumentation has been used 
very successfully in a two-axis numerically controlled 
contouring system. The feedback signal is a pulse 
train whose rate and number determine the speed 
and distance of motion. The command signal is 
of the same form and is easily generated by electronic 
digital data processing techniques. This transducer 
can be used for end-point positioning, in which case 
the command data is used to preset a counter, which 
is then counted down to zero by feedback pulses. 
The transducer as described is applicable only to 
incremental systems; i.e., systems having no fixed 
initial zero or reference point on the machine. The 
device cannot distinguish one position from any 
other position but only measures the distance moved 
from an initial starting point, which can be placed 
anywhere, In programming, all dimensions are speci- 
fied as incremental motions from an arbitrary zero 
point. One disadvantage of incremental instrumen- 
tation is that if an error is made in moving to any 
position, all subsequent positions are in error. 
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STREAM ANALYZER DYNAMICS 
Part [— 


Testing Techniques and Apparatus 


THE GIST: Large enough dynamic lags in stream analyzers can cause 
detectable measurement errors and system instability. This first of two 
articles shows how dynamic errors can result from stream temperature 
and composition changes and from instrument servosystem response. 
The authors also set up the techniques and apparatus for making pulse- 
like disturbances in refractive index, composition, and temperature. 


The Meecomatic Model 2 continuous differential R. 
refractometer (Ref. 1) was selected as the instru- J. 
ment for studying analyzer dynamics. Its optical G 
circuit is shown in Figure 1. The refractometer 
monitors process stream composition by measuring 
the difference between the desired refractive index 
(reference cell, Figure 1) and the sample stream 
(sample cell) being examined. The resulting signal 
can be fed back to a controller to exert corrective 


action on the process. ore — ee 
Of particular interest here is the dynamic response 


of the detector cell. This cell is of the Anderson Reference cell — | 
type, comprised of sample and reference sections. » 
The low-sensitivity cell used during the dynamics 
study has a reference cell window at an angle of 15 ’ 
deg from a normal to the light beam. Note that the Sample cell ————™ 
temperature reached by the reference liquid is the 
result of direct heat transfer from the flowing sample | 
stream. It is this method of adjusting reference — oe 
liquid temperature that gives rise to a thermal lag od \ 
and a resulting error in refractive index measurement. 
When sample and reference liquids have the same 
refractive index, light will pass through the cell 
with no net refraction. However when the sample’s Recnwing | \irres 
refractive index differs from that of the reference (0) plate 
liquid, the light will be refracted at an angle which, 
if small, is directly proportional to the difference in 
refractive indices of the sample and reference liquids. rae Fa 
A liquid’s refractive index varies with concentra- oeiiinums 
tion, so that stream composition can be correlated— 


as is done by the refractometer—to refractive index. a, um 
However, a liquid’s refractive index is also sensitive i 
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to temperature changes. So long as the liquids in 
the sample and reference cells are at the same tem- 
perature, there is no net change in refractive index. 
But a cell temperature difference is interpreted by 
the refractometer as a composition error. This is a 


Mirror - 











FIG. 1. Meecomatic differential refractometer 
used to study analyzer dynamics. 





dynamic error, diminishing with time as the sample 
and reference cell temperatures equalize. 

Composition changes, particularly abrupt ones, 
in the sample cell also introduce a dynamic lag and 
error in instrument output. Some finite time is 
required to fill the sample cell with liquid of new 
composition, during which time indicated concen- 
tration differs from the true value. Furthermore, 
as was found during the investigation, mixing stria 
tions and insufficiently mixed globules diffused and 
scattered the light beam, causing the refractometer 
to drive off scale until the striations had disappeared. 
hus a dead time was added to the dynamic lag 
caused by composition change. 

\ third source of dynamic lag besides the two 
arising in the detector cell is that due to the mechan- 
ical inertia of the basic instrument servo. While 
the cell dynamics due to changes of temperature and 
composition were of primary importance in the in- 
vestigation, it was first necessary to determine the 
instrument response, since during test runs the in 
strument response was included in the dynamic re- 
sponse of the detector cell. ‘Thus to obtain the 
actual cell response, it was necessary to subtract out, 
so to speak, the instrument dynamics. 


Pulse changes for dynamics tests 


To carry out experimental tests on the detector 
cell’s response to changes in composition and tem 
perature requires techniques and apparatus for in- 
troducing pulse changes in composition, temperature, 
and refractive index. All experimental data were 
obtained by the pulse response method. Input dis- 
turbances and resulting output signals were recorded 
simultaneously. Input and output magnitudes were 
correlated on the same time base (dead time was 
removed from the output record) and prepared for 
processing on an IBM 702 com- 
puter. The computer performed 
a Fourier transform analysis of 


This was done by removing the detector cell from 
the refractometer and displacing the zero-balance 
plate by a known angle. With the cell removed and 
the light beam unobstructed, the zero-balance plate 
was adjusted to give zero output signal. The zero- 
plate position was noted and the plate then moved 
to give full output. Again the position of the zero 
plate was noted. Since the instrument had responded 
through its full span for the balance plate in use, the 
observed shift in the zero plate was equivalent 
optically to a change in refractive index equa! to the 
span of the balance plate used. 

The zero plate was readjusted to give zero output, 
and then the light beam was obstructed. The zero 
plate was shifted through a known portion of the 
range, usually about 75 percent, required to give 
full output. This was equivalent to placing a solu- 
tion of known refractive index higher than the refer- 
ence into the detector cell. The light beam obstruc- 
tion was then removed and the instrument allowed 
to respond for a known time before the obstruction 
was reinserted. This effectively excited the refrac- 
tometer with a square pulse of known amplitude and 
width. Various pulse lengths were observed and 
the results recorded. 

Experimental frequency response data for the basic 
instrument, obtained by the Fourier transform 
method, is shown in Figure 2. Standard _ profiles 
(Ref. 2) fitted to these data indicated that the 
refractometer is a second-order system with a damp 
ing ratio of approximately 0.8, an undamped natural 
frequency , of approximately 0.2] rad/sec, and an 
instrument gain K, of 1.83. These data were ob- 
served at the value of amplifier gain which gave 
the best response time on the instrument. Increas- 
ing gain caused the system to oscillate for a longer 
period due to a reduced damping ratio. Decreasing 








the input and output data and 
divided the output result by the 
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input result. Final results of 
the computer program were the 
transfer function values relating 
output to input at various se- 
lected frequencies, which per- 
mitted the plotting of Bode or 
frequency response diagrams. A 
detailed discussion of the Four- 
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FIG, 2. Frequency response of basic instrument servo 
obtained by Fourier analysis of transient response 
to equivalent of a pulse change of refractive index. 
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APPARATUS FOR TESTING ANALYZER RESPONSE 
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gain resulted in a slow, sluggish response from the 
increased damping ratio. These data were obtained 
using a 4sec pulse width. Other tests with longer 
pulses were run. Their results agree; but as the pulse 
lengths increased, the reliability did not extend to 
higher frequencies. Analysis of the refractometer 
servo confirmed the experimental results. 


Generating composition pulses 


The test apparatus for generating composition 
pulses is shown in Figure 3. Distilled water, at 
room temperature, from Tank A was passed through 
a three-way solenoid valve to the instrument until 
the instrument output was stable. The solenoid 
valve was then switched to admit from Tank B a 
solution of ethylene glycol of known refractive 
index. After a known time (the pulse duration) 
the valve was switched back to the distilled water 
line. Recordings were made to the same time base 
of the instrument response and of the solenoid valve 
switching time. 


Generating temperature pulses 


The apparatus for generating a temperature pulse 
in the sample stream is shown in Figure 4. Flow 


rate was monitored by a rotameter. ‘Temperature 
pulses were generated by slowly moving a Bunsen 
burner under the copper coil and then slowly remov- 
ing it. Pulse amplitude was varied by adjusting the 
size of the burner flame. Pulse duration was con- 
trolled by varying the length of time the burner was 
under the coil. Temperatures of the influent stream 
and the reference cell liquid were measured with No. 
22 gage copper-constantan butt-welded thermo- 
couples with cold junctions at the ice point. 

The second article will describe actual pulse tests 
carried out on the refractometer’s detector cell to 
determine the dynamic behavior of this component. 
Additionally, a simplified theoretical analysis will be 
presented which gives some insightto the pertinent 
relationships involved. The agreement between 
theory and experimental results will be discussed. 
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sugar bags . 


FIG. 1. Operator presses buttons on control panel to 
select destinations of bagged sugar. Conveyor system is 
shown here with iiypothetical assortment of numbered 


S # t 1 
° bags in transit to transfer points monitored by photo 
electric cells. Blocks below represent memory elements 
Wi ¢ e. showing channels and banks in the control system. 


All memories are off (0) unless a bag is in area 
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Using selective point shift registers, a statically controlled warehous- 
ing system sorts bags of different types of sugar one every two 
seconds. The setup is failsafe, operator-proof, and even takes care 
of the bags when a conveyor becomes full. 
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Storage bank 6 
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1O| Conveyor 6 memory bank 
E] Conveyor 5 memory bank 


Sugar refineries operate 24 hours a day. This, 
combined with the high output rate at a large scale 
refinery, calls for top reliability and long life in a 
control system to prevent costly material pileups or 
process shutdown. Add to this the sticky environ- 
ment problem resulting from sugar dust and the 
variety of sugar types produced by a full line refiner, 
and the result is a clear case for static control in a 
sugar warehouse. Static controls provide the reliabil- 
ity, long life, and ability to operate in adverse en- 
vironments at C & H Sugar Co. in Crockett, Calif. 

At C & H, bagged sugar enters the warehouse 
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from .the refinery and must be sorted, palletized, 
and stored. This line had previously been a manual 
job because of the variety of products coming from 
the main feed conveyor. The new system, provided 
by Lamson Conveyor Corp. with General Electric 
Co. controls, consists of the main feed conveyor, 
seven transfer conveyors, and a palletizer for each 
transfer conveyor. 

The system receives a sorting signal from an op- 
erator located at the entrance of the warehouse, 
keeps track of the bags as they are conveyed to their 
selected transfer conveyors, and transfers them at 





the proper point. C & H required that a failure of 
a pilot device would not cause an out-of-sequence 
operation. ‘That is, if a device like a photoelectric 
cell used to detect the presence of a bag at a transfer 
point should fail, all the bags destined for points 
beyond the failure might be transferred at the wrong 
conveyor. Since the conveyors were placed close 
to the ceiling to conserve floor space, recovery and 
resorting of misdirected bags would be’a_ tedious 
chore. This system solves this problem and in 
addition takes care of situations like that in which 
the transfer conveyors become full or the operator 
inadvertently calls for two transfers of the same bag. 

Figure 1 shows the overall plan of the system. As 
different types and sizes of bagged sugar enter the 
select zone from the refinery, the operator selects 
one of the seven transfer conveyors by pushing a 
button on his control panel. Since the bags are 
fed at random, the control system has to keep the 
operator's selection signal synchronized with the 
physical location of the bags on the conveyor. ‘This 
is accomplished through the use of a shift register 
system. Shown below the conveyor layout in Figure 
| is a block diagram of the shift register used. Each 
of the seven inputs fed into the binary coder from 
the control panel puts a different binary coded signal 
into the shift register. ‘The signal remains in the 
select memory bank until the corresponding bag 
reaches the exit light. ‘The signal is shifted into 
the first conveyor memory bank when the bag inter 
rupts the light beam of a photoelectric cell located 
at the transfer point. If the bag is not intended to 
be transferred at this conveyor, its signal is shifted 
into the next bank and so on down the line until 
it reaches its called-for conveyor. When it does, 
its coded information is read out and initiates a 
signal that actuates a mechanical transferring device. 
As soon as transfer begins, the bag’s signal—no longer 
needed—is cancelled out of the shift register. The 
transfer conveyor carries the bag to an automatic 
palletizer remote from the sorting system. As other 
bags enter, their signals are shifted in the same way. 
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0 This bag not to be transferred 
0 Transfer at conveyor 4 

0 Transfer at conveyor 3 

0 Transfer at conveyor 2 

0 Transfer at conveyor | 

0 Transfer at conveyor 6 

0 Transfer at conveyor 5 

1 | Transfer at future conveyor 

1 Transfer at reject conveyor 
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If any one of the photocells’ light sources should 
fail, the bag’s coded signal merely shifts through; 
or if the next bank has a signal in it, the bag’s signal 
will be stored until it can move on to a clear bank. 
If the light source at the selected transfer point is 
burned out, however, the bag’s signal upon reaching 
this point is automatically converted to a code 
(binary 1) which will result in the bag’s being car- 
ried on to the end of the conveyor to an accumulator 
area where the bag can be manually loaded. A 
preventive circuit will do the same thing if a bag 
reaches its assigned transfer conveyor and finds it 
too full to accept another bag. Also, if the operator 
pushes two buttons or fails to make any selection 
while a bag is in the select zone, the bag will be auto- 
matically coded for the manual accumulator area. 

A binary code was chosen as the means for identi 
fying the bags. Codes of 1, 2, 4, and 8 provide the 
necessary coding for the nine required readouts 
(six numbered conveyors, reject conveyor, provision 
for a conveyor to be added later, and the manual 
accumulator area). The Table shows the nine codes 
and their meanings. It also shows, as does Figure 1, 
that all four memory channels were used at the 
beginning of the system. At shift register points 
down the conveyor, fewer channels are required until 
the last readout, the manual accumulator area, re- 
quires only channel 1. This reduces the total amount 
of memory channel circuitry needed. 


Selecting A Conveyor 


The operator selects the binary code by pushing 
a button on his control panel adjacent to the select 


zone. Photocells at the entrance and exit of this 
zone detect when a bag is present and light a “Select” 
indicator on the panel. After the operator makes 
his selection, the “Select” light goes out. The 
operator can cancel his selection by depressing a 
“Cancel” button. If he does, both the “Select” 
and “Cancel” lights come on, and the operator can 
make another selection. 

A simplified circuit showing the functions of select- 
ing, coding, and remembering a momentary signal 
is given in Figure 2. As a bag enters the select zone, 
a photocell senses its presence, closes contact 1, and 
keeps it closed as long as the bag is in the select zone. 
This energizes all of the pushbuttons and gives a 
signal to the on winding or memory |. If memories 
3, 5, 7, and 9 are off, OR’s 10 and 11 will be off, 
turning NOT 12 on and giving one input to AND’s 
2, 4,6 and 8; second input comes from memory 1. 

Here’s how a transfer conveyor, say conveyor 1, 
is selected. From Figure 1 or the Table the code for 
conveyor | is seen to be channels 1 and 4. Pressing 
the button for conveyor 1 produces three different 
signals via the signal converters shown. One of 
these goes to the OFF winding of memory 1, but 
it does not turn off since there is a signal on the ON 
winding. If the operator pushes two buttons, their 
signals will add in the OFF winding of memory 1, 
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FIG. 2. Operator’s choices by pushbuttons are coded in binary coder and shifted into 


first memory bank. 


The control system will automatically code a bag for transfer at 


the end of the line if the operator pushes two buttons at once or no buttons at all. 


turning it off and preventing a double selection. 

The other two signals from the signal converters 
on conveyor 1 pushbutton go to AND’s 2 and 6, 
which now have the necessary three inputs each to 
give outputs, turning memories 3 and 7 on. NOT 
12 is turned off, removing one of the inputs to each 
of the AND’s. This keeps new information from 
turning memories on until all the memories have 
been reset by a signal from the next memory bank 
or from the “Cancel” pushbutton. This informa- 
tion is held in the select memory bank until the bag 
leaves the select zone. 

The output of NOT 12 and a signal from the exit 
photocell combine to enter a code 1 for a bag in case 
the operator fails to select a conveyor. The exit 
light signal indicates that the bag is leaving the 
select zone, and NOT 12’s being on signifies that 
no selection has been made. These two signals are 
summed in a two-input AND, and the output is fed 
to an OR between AND 2 and memory 3. This 
circuit and an associated lockout circuit (so that only 
one such signal can be inserted for each bag) are 
not shown in Figure 2. 


Setting Up The Memory Banks 


The number of shift register banks needed and 
the type of shift register circuit to be employed were 
determined first by the number of transfer points 
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(read-outs) needed. Banks were installed between 
the reject conveyor and conveyor 6 for a possible 
future need (see Figure 1); they are now simply 
extra storage banks. The next factor influencing 
the setup is the maximum number of bags that can 
be on the conveyor at one time. Dividing the speed 
of the conveyor, 180 ft per min, by 30, the maximum 
number of bags to be handled per minute, gives a 
minimum bag interval of 6 ft on centers. The 
length of the main conveyor is 64 ft. Dividing this 
by the bag interval gives 11 for the maximum num- 
ber of bags that could be on the conveyor. It turns 
out, however, that this maximum number of bags is 
not the determining factor for the number of mem- 
ory banks needed. With a 6 ft minimum bag inter- 
val and conveyors spaced only 8 ft apart, it is possible 
for two bags to be located between two adjacent 
transfer conveyors. The operation of the system 
will not abide this; as a bag leaves the photocell- 
monitored area of a transfer conveyor (for which 
that bag was not destined), the bag’s signal must be 
shifted into the next bank. (Figure 1 shows two 
bags on the main conveyor between conveyors 2 
and 3.) If there is another bag ahead of it in between 
conveyors, the following bag’s signal will be lost, 
having no place to go. This means that provisions 
must be available for storing bags’ signals between 
conveyors; that is, there must be a storage bank 
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point, conveyor 2, requires a 
signal in binary channel 4. 
If the transfer conveyor is 
full or if the photocell’s light 
source fails, the bag will au- 
tomatically be coded for 
transfer at the end of the 








line. (A dotted OR symbol 
indicates an OR _ function 


without an OR element.) 





between each conveyor’s memory bank. In the ex- 
ample of Figure 1, the information for the first bag 
is stored in conveyor 3 memory bank; the informa- 
tion for the second, in storage bank §. So the total 
of memory banks needed is 17, two each for the 
eight transfer conveyors (counting the one for future 
addition) and one for the select memory bank. 


Selective Point Shift Register 


\ selective point shift register system (as shown in 
Figure 3 for conveyor 2 and storage bank 8—ele- 
ments correspond to blocks of Figure 1) differs from 
a storage shift register bank in that it will hold the 
information until a shift signal is received. ‘The 
operation of the system requires that information be 
stored until the bags reach transfer points corres 
ponding to the shift register. The control system 
must allow the information to shift when signaled 
by the photocells; and when a bag reaches its as- 
signed transfer point, the bag’s code must be blocked 
from shifting further. The storage shift register, on 
the other hand, stores information only as long as the 
next shift register bank is full. Note that retentive 
memories are used in the shift registers to retain 
the information after a power failure. 

In Figure 3 with memories 2, 4, and 6 off, OR 7 
will be off allowing NOT 8 to have an output so long 
as signal B is not present. It is not when the pre- 
ceding bank has information stored. (Figure 2 
shows the origin of an equivalent of this signal from 
NOT 12 in the select memory bank.) NOT 8 
will produce an output turning memory 9 on and 
giving one input each to AND’s 1, 3, and 5. A 
second input comes from the photocell when the 
light beam is not broken by a bag entering the trans- 
fer zone. The other inputs to AND’s 1, 3, and 5 
are information signals from the respective memory 
channels. Assuming that channel 4 is the only signal 
present, AND 5 will be on, which turns memory 


60n. The information is now in the memory bank, 
so AND’s 1, 3, and 5 will be turned off and kept off 
by turning OR 7 on which turns NOT 8 off, thus 
removing one input to the AND’s. The preceding 
memory bank is reset to accept new information by 
OR 7 and memory 9 turning on AND 10 which puts 
out signal A. This signal resets the preceding memo- 
ries and remains on until signal B arrives to turn off 
memory 9 and AND 10. 


Transferring the Bag 


The readout at this memory bank is to actuate 
transfer at conveyor 2. If the signal is present in 
channel 4 to turn on AND 5, memory 6 will be 
turned on. This will give an input to NOT 11 and 
AND’s 14 and 17. Since NOT 11 is. off, removing 
an input from AND’s 23 and 26, no information 
will enter storage bank 8. AND 17 will produce 
an output when photoelectric relay PE2 is actuated 
by a bag and time delays 12 and 15 are not timed 
out (on state). AND 17 can now turn on memory 
18 to give the second needed input to AND 21. This 
gives an input to the magnetic amplifier which picks 
up the transfer conveyor solenoid. AND 17 also 
turns on OR 22, resetting the memories of the shift 
register bank. When time delay 19 times out, it 
will turn off NOT 20, resetting memory 18 and re- 
moving an input from AND 21. 

If at the time of the transfer, limit switch LS2 
has already been held closed long enough to allow 
time delay 12 to turn on, no bag will be transferred. 
This means that the transfer conveyor is full. To 
prevent the transfer, NOT 16 is turned off by time 
delay 12. OR 13 turns on AND 14, which turns 
on OR 24. This inserts a channel | signal in storage 
bank 8, so the bag will now be carried to the manual 
accumulator area. In the event of photocell light 
source failure, time delay 15 will time out and the 
same sequence as for a full transfer conveyor results. 
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a Ez 


from human facfors studies .... . 


a guide to the : 
DISPLAY of INFORMATION 


—for new equipment specifications, use this 
guide to develop the information content and 
method of presentation which will yield 
optimum performance from the human com, 


GEORGE A. PETERS 
Consultant, Santa Monica, Calif 


a 


ponent of the system. 





Type of Display 


Kind of Information 


Specific Example 


Human Factors Recommendations 





Performance 


Current 
“doing this” 


Engine tachometer 





Command 
“should be doing this” 


Course indicator 
(desired course) 





Predicted 
“will be doing this” 


Computed speed 
(one minute in advance) 


Digital readouts are best for quick and 
accurate readings. Scales require operator 
interpretation and tend to clutter the 
panel, but they are useful for presenting 
trend information. Pictorial or graphic dis- 
plays are highly desirable for es 
a variety of indicators in an integrat 
display; however, the display should be an 
easily recognized and undistorted analog 
of the situation. 


AVOID scales except to show trends 
USE digital readout > 





Emergency 
“take corrective action” 


Fire in right engine 





Warning 
“take preventive action’ 


Fuel leak 





Caution 
“watch this” 


Engine overheat 


Action-oriented legend lights are better 
than simple warning lamps. Attention-get- 
—~ value is increased by color coding 
(red for emergency and amber for warn- 
ing), by flashing (3 to 5 times per sec), or 
by a audio signals. Wire lights 
to remain on if flashing device fails. 


AVOID simple warning lights 
USE action oriented lights > 





Procedural 


Sequential 


“preliminary step completed; 


go ahead now” 


Torpedo tube ready 





Check 
“significant change” 


Fuel tank ##2 empty 





Supplemental 
“minor change” 


Oil heater on 


Use go—no go indicators or legend lights 
wherever possible. Attempt to combine 
displays with controls (as in engraved 
lighted pushbuttons). Use color coding 
sparingly to avoid a Christmas tree effect. 
Spatially organize displays by functional 
groupings and sequential arrangements. 
Use only clear, standard abbreviations. 
— press-to-test bulb and circuit fea- 
ures. 


USE engraved lighted buttons 
organized by sequence of operation > 





Orientation 
“the generai situation” 


Navigation display 





Instructional 
“do this” 


Check list or manual 





Evaluative 
“you are doing this well” 


Error indicator 





Historical 
“this has been done” 


Oscillographic recording 


Remove all irrelevant information and ex- 
cessive detailing. Emphasize and integrate 
the information presented for simple and 
rapid interpretation, and to make neces- 
sary control action readily apparent. Gen- 
eral knowledge of the situation plus feed- 
back from prior performance can improve 
human achievement in complex tasks. 


SIMPLIFY complex displays by 
deleting excess detail > 





Typical Displays 





BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


20 SECOND 
SYNCHRO 


This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today’s data trans- 
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance, 
matches up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 


TYPICAL 
CHARACTERISTICS SIZE 25 


Control 
Type Resolver Transmitter Transformer 


Part Number 75161-001 725151-003 
Excit. Volts 
(Max.) 115 90 

Frequency (cps) 400 400 
Primary imped. 400/80° 8500/30° 
Secondary imped. 260/80° 14000/80° 
Transform. Ratio -7826 1.278 
Max. Error fr. E.2. 20 seconds 20 seconds 
Primary Rotor Stator 


Write for complete data. 


BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


PRECISE 
ANGLE 
INDICATOR 


Consisting of an angle po- 
sition indicator, motor and 
servo amplifier, this small, 
versatile, rack panel mount- 
ed unit provides angular 
position indications for 
laboratory, production and 
field use. Input signals pro- 
portional to unknown ang- 
ular position of synchro de- 
vice being measured are re- 
solved as an error voltage, 
which is amplified and used 
to drive an internal servo 
loop to null. Counter mech- 
anism then provides direct 
visual readout of angular 
position. 


TYPICAL 

CHARACTERISTICS 

Input Signal: $,, S., and S, of 
external synchro transmitter. 

Repeatability: Within 0.6 minute 
in either a clockwise or coun- 
terclockwise direction for any 
angular position. 

Readability: 0.5 minute through 
full range from zero to 360 
Rotation is continuous. 

Accuracy: + 6 minutes in the 
standard unit. Other accuracies 
available on request. 

Sensitivity: 0.5 minutes maximum. 

Slewing Speed: Phase sensitive, 
180° in 7 seconds. 

Input Voltages: 115 volts, single 
phase, 400 cycles, 23 VA max. 

Size: Standard Rack Mounting— 
1%” x 9%” x 814” 


Write for complete data. 


BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


FLOATED RATE 
INTEGRATING 
GYROS 


Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su- 
perior to any comparably- 
sized units on the market. 
Hermetically sealed within 
a thermal jacket, these gy- 
ros are ruggedly designed 
and completely adaptable 
to production methods. Per- 
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions. 
TYPICAL CHARACTERISTICS 
Mass Unbalance: 
Along Input Axis: 1.0°/ hr 
maximum untrimmed 
Standard Deviation (short term): 
Azimuth Position: 0.05°/hr 
Vertical Position: 0.03°/hr 
Drift Rate Due to Anisoelasticity 
Steady Acceleration: 
.015°/hr./g?_ maximum 
Vibratory Acceleration: 
.008°/hr./g?_ maximum 
Damping: 
Ratio of input angle to 
output angle is 0.2 
Characteristic Time: 
.0035 seconds or less 
Weight: 0.7 Ibs. 
Warm-Up Time: 
10 minutes from —60°F 
Life: 1000 hours minimum 


Write for complete data. 


KEARFOTT DIVISION 
GENERAL PRECISION INC. 


LITTLE FALLS, NEW JERSEY 


Tachometers Servo Ferrites 
Valve 





Midwest Office: 23 W. Calendar Ave., La Grange, Ill. 
"—@ South Central Office: 6211 Denton Drive, Dallas, Texas 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif 


we: 


Engineers: Kearfott offers challenging opportunities in advanced component and system development. 
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OPTIMUM RESPONSE RELAY SERVOS 


PART |: Evolution of the 
Optimum Switching Criteria 


THE GIST: At the request of CONTROL ENGINEERING, author Lewis has sum- 
med up in a three-part series all of the important design techniques that 
have been used to optimize the response of relay servos. In this first 
part he reviews the operation of elementary relay control, describes the 
gradual development of the optimum switching criteria, and points out 
the difficulties which hamper its direct application. Parts Il and Ill will 
provide detailed descriptions of the methods used to overcome these diffi- 
culties. Heavily referenced, each article in the series serves a twofold pur- 
pose: to rapidly orient the newcomer and to provide a source of detailed 
studies for those wishing a more complete understanding of the problems. 


JOHN B. LEWIS 
School of Electrical Engineering 
Purdue University 


Although relays have served as control elements 
in feedback systems for over 25 years (Ref. 1), the 
accelerated interest in such systems during the early 
Forties led to further analysis (Ref. 2), application of 
the phase-plane technique (Refs. 3, 4), and introduc- 
tion of the describing function method (Ref. 5). 

In many applications these relay control systems 
offered the advantages of simplicity, relatively large 
power handling ability, and low cost. Their inherent 
nonlinearity, however, forced a departure from the 
simple analytical techniques used for linear systems. 
Investigations of phenomena such as limit cycles 
and the dependence of response characteristics on 
input amplitude produced considerable information 
on the design of elementary (on-off) relay control 
systems. Finally, within the last decade the concept 
of optimum response has evolved and with it tech- 
niques for achieving even better performance. 

Development of these improved systems involves: 

> Specification—stating the type of input to be 

used, the output member to be controlled and 
defining optimum performance 

> Design and synthesis—deriving switching bound- 

aries and calculating numerical values 

> Analysis—investigating stability conditions, speed 

of response, error, and other special character- 
istics of the designed system 

> Instrumentation—choosing actual components 

and checking design feasibility regarding per- 
formance, cost, and reliability 


> 'l'est—fabricating and testing the prototype 
‘The sequence of these five steps may vary, but each 
is an important part of the complete design. 

In terms of specification, the scope of this survey 
bf techniques for designing optimum relay control 
systems may be outlined as follows (where the con- 
trolled variable is assumed to be an output position 
and the ideal controller a two- or three-position relay 
plus a switching computer with or without compen 
sating networks) : 

A. Input types include 1) step functions of posi 
tion, 2) ramp functions of position, 3) periodic func- 
tions, and 4) random inputs. 

B. Output members include linear members char 
acterized by transfer functions of the form 1/s*, 1/s*, 
1/s(rs + 1) or 1/s?(rs + 1). 

C. Optimum performance, for the first two types 
of inputs as well as for low frequency periodic inputs, 
requires that the error and its derivatives be reduced 
to zero in minimum time, taking into account com- 
ponent limitations; for higher frequency periodic 
inputs other definitions may be used. 

These cover the major areas of published studies 
although some results have been given for systems 
which fall outside these restrictions, e.g., those with 
coulomb friction in the output members (Refs. 6, 
7) and those using multiposition switches (Ref. 8). 

As a logical introduction to optimum relay sys 
tems, this first part of the series will review briefly 
the major analytical and graphical methods used to 
study elementary relay systems and then describe the 
theory behind the optimum response approach. 


Elementary Relay Control System 


The block diagram, Figure 1, represents the 
familiar elementary relay control system, and for a 





simplified output motor and load, the differential 
equation relating output position to torque is: 

Jé+Fé = T (1) 
where J] is the total output moment of inertia, F 
the equivalent viscous friction constant, c the out- 
put position, and T the developed torque. The 
output member transfer function c(s)/T(s) is then: 

Fo 
8 (78 +1) 
For an ideal relay the relation between torque and 
error may be expressed as follows: 

T = KV sgne (3) 
where K is a torque constant, V is a constant applied 
voltage, and signum e is +1 fore > 0, —1 fore < 0, 
and 0 fore = 0. Switching of the ideal relay then 
depends only on the sign of the position error. 

Three methods of analysis have been used for this 
type of system. In the first, piecewise linearity makes 
it possible to solve Equation |] for known inputs. 
If for example, r is a step input of position or velocity, 
analysis yields the usual transient response. Hazen, 
Kahn, and more recently, Macmillan (Refs. 1, 2, 
and 9), have presented methods based on this idea; 
the time response of the system is an end result of 
the analysis. In the second method the phase plane 
has been used to describe the system behavior for 
the same types of inputs; MacColl and Weiss (Refs. 
3 and 4) have shown the resulting trajectories. From 
these the time responses can be computed if re- 
quired. The third approach is the method of de- 
scribing functions (Ref. 5). Here a sinusoidal relay 
input is assumed and system characteristics presented 
as amplitude- and frequency-dependent loci in the 
complex plane. Frequency response of a linearized 
system is the result. 
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Elementary relay control system. 








Phase plane Time history 











FIG. 2. Typical phase-plane trajectory and 
error-time response for the system of Figure 1. 

















FIG. 3. Modified switching boundary 
improves design flexibility. 


Phase-plane approach most useful 


Each of these methods suits a certain purpose and 
each uses both analytical and graphical techniques. 
For the purpose of discussing optimum relay sys- 
tems, however, familiarity with the phase-plane 
method is essential since most attempts at syn- 
thesizing optimum systems have been based on de- 
sirable trajectories and switching boundaries in the 
phase plane. It is also necessary to relate phase- 
plane trajectories to the corresponding time re- 
sponses. Gibson and Truxal provide concise discus- 
sions of the phase-plane technique (Refs. 10 and 11). 

Figure 2 shows a typical phase-plane trajectory and 
error time response for the system described by 
Equations | and 3, subjected to a step input of posi- 
tion. Note that the system tends toward zero error 
but that several torque reversals are required. The 
switching boundary is the ¢axis of the phase plane. 

A more general analysis of positional relay control 


systems by Flugge-Lotz (Ref. 12) includes in Equa- 
tion | a term proportional to position: 
Jé+Fé+Ge=T 


or with r = 0, 

Jé+Fé+Ge=-—T (4) 
This produces a different output member transfer 
function, and, more important, the equation describ- 
ing the operation of the relay now contains a term 
proportional to error rate: 

T = KV sgn (¢ + pé) (5) 

As shown in Figure 3, the switching boundary now 
consists of a straight line through the origin making 
an angle (dependent on p) with the ¢axis. The 
figure also shows three possible response trajectories 
for a step input of position to the original system of 
Equation 1. Of the three, only the A trajectory 
reaches equilibrium with a single torque reversal. 
Unfortunately, other input amplitudes (B and C) 
yield less desirable types of response. The result 
of using a modified switching criterion (Equation 5) 
indicates, however, an increased flexibility in the 
design of relay control systems. 

Before getting into the concept of optimum re- 
sponse, consider first some of the relay imperfections 
which cause departures from the performance of an 
ideal relay. For example, the effects of relay dead 
zone and hysteresis have been studied in detail and, 
for a system with an output member described by 
Equation 2, either can cause sustained free oscilla- 
tions under certain input conditions. Time delay 


CONTROL ENGINEERING 





in making the actual torque reversal also changes 
the character of the response, and for the output 
member of Equation 2, its effect is similar to that 
of hysteresis. Various combinations of dead zone, 
hysteresis, and time delay have also been studied. 
In general, dead zone is the most objectionable; in 
fact for some systems small hysteresis and time delay 
effects may even be desirable. Several published 
analyses (Refs. 12, 13, and 14) explain these effects 
in terms of phase-plane trajectories. Another shows 
how feedback from the relay itself can be used to 
eliminate the effects of time delay and hysteresis 
(Ref. 15). A general analytical method for design- 
ing relay servos for deadbeat (no overshoot) response 
to a step input has been described by Hart (Ref. 16). 

In one investigation of an elementary relay control 
with sinusoidal input, responses ranged from an un- 
satisfactory large oscillation close to the input fre- 
quency (similar to resonance) to a satisfactory re- 
sponse characterized by small oscillations at the dead 
zone boundaries (Ref. 17). <A single empirical 
parameter, a function of input amplitude and fre- 
quency, was found to be a satisfactory indicator of 
the type of response that could be expected. Since 
time appears explicitly in the equations, phase-plane 
techniques become difficult in this type of investi- 
gation, and an analog computer study is usually 
preferred. Use of compensating networks (Refs. 
5 and 18) and the familiar R-C lead network also 
improve performance of the elementary relay system. 
This is essentially an extension of frequency response 
concepts. Modification of the switching boundaries, 
using approximate error plus error rate, also can be 
interpreted directly as changes in the time response. 


Theory of Optimum Response 


The review above showed that when the ele- 
mentary relay system was subjected to a step input 
of position, it required several torque reversals to 
reach equilibrium. For the same second order sys- 
tem with a modified switching boundary, perform- 
ance improves at a particular input amplitude. An 
optimum response of this type of system to a step 
input was suggested about 10 years ago (Refs. 19, 
20, and 21) and was soon extended to more complex 
systems (Ref. 22). Minimum-time response is the 
desired performance, but this is subject to certain 
limitations in the output member such as maximum 
velocity and acceleration. 

As a system changes state or moves from one point 
to another along the phase-plane trajectory, elapsed 
time may be expressed as follows: 


e2 
42= f a (6) 
&: é 


Thus in Figure 4A, minimum response time requires 
that the shaded area in the (e, 1/é) plane be mini- 
mized. Figure 4B shows an optimum response 
trajectory for an output member with transfer func- 
tion of the form 1/s? (i.e., output inertia only); 
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it illustrates the effect of acceleration or torque 
saturation. Because of its simplicity, this particular 
example often serves as a starting point for analyzing 
optimum relay systems. Actually, it is a simplifica- 
tion of the system of Equation 1; ie., F = 0 so 
that there is no velocity limitation. Physically Figure 
4B may be interpreted as follows: the output mem- 
ber accelerates under maximum torque for the first 
part of the transient; torque reversal or switching 
occurs at point x; the output member decelerates in 
the same way until the trajectory reaches the origin 
where torque is removed. 

Response as a function of time, phase trajectories, 
and switching boundary for optimum performance 
are readily determined for this example. From 
Equation 1, with F = 0, 

é=KV/J 
and ¢=—KV/J 


during acceleration, 


during deceleration 





A- Minimum-time 
response 


B- Optimum response 
trajectory 














FIG. 4. Phase-plane sketches illustrating A—minimum-time 
concept and B—typical optimum response trajectory 
for a system with acceleration limiting. 


For a step input # = — 4, these relations become: 
é=—KV/J (7a) 
and é=KV/J (7b) 
Integrating Equation 7a and imposing the condition 
é = Oat t = 0 yields: 
KV 


eeaimaher’ Site (8) 


Integrating again and using a positive step input of 


r= RK, 


en — AY +R, (9 


Solving for t in Equation 8 and substituting this 
value in Equation 9 gives: 


J 
és = QV é + R. (10) 


Equations 7a, 8, and 9 describe the response as a 
function of time, and Equation 10, the parabolic 
trajectory during the first part of the transient, i.e., 
points 1 to x in Figure 4B. For optimum response 
the trajectory after switching must pass through the 
origin, and Equation 7B is used for the torque re- 
versal condition. Thus the equation describing the 





trajectory from points x to 2 may be written: 
J r 

oKV ° (11) 

Simultaneous solution of Equations 10 and 11 gives 

the value of e = R,/2 at the common point x; Equa- 


tion 9 can then be used to find the time required to 
go from point | to x: 


(12) 
a J =~ R. 
KI 


Finally, for t,» 2t,,, the time responses during 
deceleration are: 


(13) 


and , ay iio~ or (14) 


Figure 5 illustrates the responses for this system. 
The equation of the switching boundary in the 
fourth quadrant of the phase plane is the same as 
Equation 11, thus the switching boundary is the 
trajectory through the origin. This has been called 
a zero trajectory (Ref. 23). The switching boundary 
in the second quadrant is obtained similarly, i.e., 

‘ _—_ é (15) 
Thus for the entire switching boundary as shown 
in Figure 4B, torque and error are related as follows: 


aa er 
= KV oun (14 lé + _ :) = KV sgne (16) 


where |¢ ¢is the absquare or signed square of é. 


Interpretation of this equation requires some care 
since the switching boundary is now the trajectory. 
In Equations 3 and 5 this was not the case, and 
the system representative point alternated between 
regions of positive and negative torque. In this 
example, however, o is positive for the first half 
of the transient but ideally zero during the latter 
half of the transient when decelerating torque is 
desired in order to reach equilibrium. 


Other types of output members 


Several published studies (Refs. 6, 24, and 25) 
on optimum first and second order relay systems 
provide time responses and switching boundaries 
for output members with widely different transfer 
function forms. 

For first order systems Equation 3 establishes 
the optimum switching boundary, e = 0; for the 
first two second order systems optimum switching 
boundaries resemble that of Figure 4B. For the 
system in which 0<{<1, the switching boundary 
is complicated by the multiple intersections of the 
two sets of trajectories (Ref. 25), and several torque 
reversals may be needed to reach equilibrium. 

In considering these other output member forms 
it is important to state the input for which response 
is optimum. Emphasis in the example cited was on 
dynamic performance, and under ideal conditions, 
steady state error is zero and the location of the 
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FIG. 5. Optimum time responses of torque, 
acceleration, error rate, and error. 


switching boundary is independent of input ampli 
tude. This is not true for all second order systems 
even when subjected to step or ramp inputs. In 
many studies input r is assumed to be zero, and 
optimum response is obtained only for initial values 
of e and é¢. As an example of this difficulty, suppose 
the output member of Equation 1] is used in a system 
subjected to a ramp input r = R,t, where R, is less 
than runaway speed. Now Equation 1 becomes: 

Jé + Fé = FR, — KV 
or Jé+ Fé = FR, + KV (during acceleration) (17b 
Now if é(dé/de) is substituted for é and the expres- 
sions for de are integrated, the trajectory equations 


become: 
: : rV  — 
pe 9(R- Yin em m+ MI cs 


‘ a4 KV 
e=C,— - é- (2 + ein é—Rk - P (18b) 


where C, and Cz are arbitrary constants. Starting 
point (0, R,) conditions may be used to evaluate 
C, and origin (0, 0) conditions to evaluate Cz since 
this should be a zero trajectory. ‘The switching 
boundary in the fourth quadrant then becomes: 


| KV | 
sth oy ill glee | Ri + 
e= ey F 1 FP l 


(during deceleration) (17a) 


NaS AE Oe 
KV | 
|}¢é- Ri -—-p-| 
and this is a function of R,. The boundary in the 
second quadrant is found from Equation 18a in 
the same way, and if R, = 0, a symmetrical boundary 
results. Figure 6 shows the complete switching 
boundary and a typical trajectory. Note the be- 
havior of this system at the origin. If, as in the 
previous example, torque is removed at the origin, 


(19) 
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the system representative point tends to enter the 
first quadrant since, with R,; ~ 0, equilibrium 
cannot exist. However, switching would imme- 
diately occur, and the sequence of acceleration and 
deceleration would repeat. This is exactly what 
happens in an actual system; dead zone and time 
delay produce an oscillation with average values of 
e, é, and torque. 


Hardware limitations 


Again this emphasizes the need for recognizing 
the actual relay characteristics; during early design 
stages the ideal system is useful, but dead zone, time 
lag, and hysteresis effects must be checked. Further- 
more, in an optimum relay system where switching 
boundaries must be physically instrumented, the 
effects of measuring errors, computational errors, and 
uncertainties in the output member parameters must 
be investigated. Noise in the signal that actuates 
the relay is also a potential source of trouble. Kazda 
(Ref. 7) has demonstrated the effect of time delay 
for the system of Equation 7; in this study curves 
relate the error rate intercept (distance from the 
phase-plane origin to the trajectory intersection on 
the ¢-axis) to the actual delay time. The effect of 
varying the switching boundary of this system has 
also been studied by combining Equations 11 and 
15 as e = —ké|é)*~—! and then investigating changes 
in response time for variations in k and a (Ref. 26). 
Variations in k are called “location errors”; those in 
a (Ref. 26). Variations in k are called “location 
errors’; those in a, “shape errors”. In general, it 
appears that errors which produce damped oscillatory 
motion are less desirable than those which produce 
no overshoot. 

In other studies investigators have regarded the 
existence of any friction as a parameter error and 
have looked into the effects of both viscous and 
coulomb friction (Refs. 7, 6). A study by Olden- 
burger (Ref. 27) revealed that wide variations in the 
parameter of the control signal equation (over 2 
to 1) could be tolerated. 


Next—putting the Theory to work 

The foregoing has reviewed briefly the elementary 
telay control system, the logical development of the 
optimum response theory, and some of the diffi- 
culties encountered when actual instrumentation of 
the theory begins. Because of these physical limi- 
tations and other problems, many attempts have 
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FIG. 6. Ideal response to a ramp input. 


been made to build relay control systems which ap- 
proach optimum performance other than by means 
of the optimum switching criteria. These related 
systems, as well as those which directly implement 
the optimum switching criteria, will be classified and 
discussed in the next two parts of this series. 
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Centralized Taylor Control Panel for the four main process units 
at Trafalgar: (1) Crude Fractionation, (2) Catalytic Cracking, 
(3) Gas Plant, (4) Catalytic Reforming. 


Taylor Boiler Feed Ww ater Prenuve Transmitters — one of many 
applications. 





TRANSAIRE* Temperature Transmitter — installed on Catalytic 
Gasoline Splitter column bottoms. 























Taylor 333RD Differential Peeuee Transmitters wie on Cataly- 


tic Gasoline Splitter Feed. 


Utility control panel for power plant at the Trafalgar refinery. 


*Reg. U.S. Pat. Off. 
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INSTRUMENTED ENTIRELY BY 


Located at Bronte, Ontario, the 20,000 bpsd Trafalgar Refinery 
is one of Canada’s newest and most practical. Designed and 
built by C F Braun & Co of Canada Ltd., it is a completely in- 
tegrated refinery, processing a blended Canadian crude orig- 
inating in Alberta, Saskatchewan and Manitoba. Refined 
products include several grades of motor gasoline, aviation 
gasoline, jet fuels, fuel oils and liquefied petroleum gases. 


Transmitters, receivers, controllers and panel boards through- 
out this modern refinery were supplied by Taylor Instrument 
Companies of Canada, Ltd., working in close cooperation 
with Cities Service and Braun engineers. Such a highly in- 


af 


tegrated plant layout demands the utmost instrument dependa- 
bility, and we are proud of the fact that Taylor’s reputation 
merited this responsibility. Also that our Canadian subsidiary 
could supply the wide range of instruments needed to control 
all the variables involved in the diverse processing require- 
ments of this complex refinery. 


Taylor subsidiaries are also located in England, Australia, 
West Germany, with facilities to serve your foreign operations. 
Call your Taylor Field Engineer, or write Taylor Instrument 
Companies, Rochester, New York, or Toronto, Ontario. 


Lake Ontario fish thrive in Trafalgar Refinery ’s waste water. 


Sieut 


This 6,000 gallon aquarium is supplied with effluent water actually more pure than originally drawn The Taylor control panel for the 
from the lake. The water treatment plant is reputed to be the most efficient ever installed ina refinery. Trafalgar water treatment plant. 
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FIG. 1. 

Simplified flow 
chart of overall 
705 production 
control svstem. 
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Manufacturing Control With a 705 


J. M. CHERBA, Manager Production Controls 
Automotive Div., A. O. Smith Corp. 


THE GIST: A. O. Smith uses an IBM 705 
computer to control its production of 
automotive parts. Specific flow charts 
show how up-to-the-minute data helps 
reduce inventory requirements in stock 
and in the process itself, how substitute 
steel sizes are computed to efficiently 
reduce obsolete or excess inventory, and 
how accurate machine load and man- 
power requirements are forecast to help 
smooth production load fluctuations and 
avoid expensive overtime. 


Since 1957 the IBM 705 electronic data process 
ing machine at A. O. Smith Corp. has been con- 
tinuously producing data for controlling the manu- 
facture of automotive parts. The program was begun 
with the decision to mechanize all operations in the 
Steel Procurement Dept., including the ordering of 
steel. ‘The setup has been operating for one year, 
with the 705 system running parallel to the old. 

But another project was started and completed 
during the development of the steel procurement 
program. Because it was considered urgent, a press 
load program was written for the 705 which permits 
the Automotive Manufacturing Control Dept. to 
produce a press load forecast in less than two days. 
On punched card machines the former version of the 
press load forecast took at least two weeks. Also, two 
other projects for manufacturing control are com- 
plete: a steel substitution program and a manpower 
requirements report. Programs for in-process inven- 
tory control are planned, and preparation of labor 
control reports has been completed. Parts scheduling 
and container requirements will be tackled later on. 

Figure 1 is a simplified summary flow chart of 
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the 705 production control system. It shows only the 
input data and the output in the form of punched 

cards or reports for the various manufacturing con- 
trol programs mentioned above. These programs 
overlap in that the same data may be used as input 
to several of them. A more detailed flow chart for 
each of the programs will be explained below. 

As shown in Figure 1 the input data to the over- 
all system consists of shop routings; customer orders; 
parts lists; detailed material sheets, including raw 
material needed to make parts; and daily transactions 
such as receipts, disbursements, steel requisitions or 
reservations, scrap tickets and adjustments, and all 
changes to input data files. All of the input data 
are keypunched onto cards and processed into mag- 
netic tape format for use by the 705. All tape frles 


THE MATERIAL CONTROL PROGRAM 


‘To take a specific case of an individual application 
within the manufacturing control program, con- 
sider the material control program. ‘The concept of 
complete and accurate input information is extremely 
important to inventory control systems, whether 
raw material, in-process, or finished goods inventory. 
A great deal of effort was spent during two years to 
create accurate input data for all present and pro- 
posed data processing applications. 

The basic input to the material controls application 
consists of information from engineering control on 


the parts used, called the parts list master file, and 
information from steel standards on the steel to be 
used to make these parts, called the detail material 


sheets master file. Both of these master files are 
maintained on magnetic tapes and updated every 
week. The parts list identifies a frame assembly or 
subassembly and contains all the component parts 
necessary to the manufacturing of these assemblies. 
The detail material sheets master file must also be 
accurate and up-to-date because there may be changes 
in steel sizes or weights of the parts, the quantity of 
parts to be made out of the sheet of steel, etc. Inac- 
curacies could lead to ordering the wrong material, 
the wrong amounts, or not ordering at all. 

Figure 2 is a simplified flow chart of the material 
control program. The basic input data just described 
are merged through the 705 to obtain a bill of mate- 
rial master tape by matching part for part with the 
two files. Along with the bill of material, the 705 also 
prints a where-used report which is a printed form 
of the make-up of the bill of material. An exception 
report is created at the same time called the bill of 
material missing list, which is used to locate parts 
missing from either master file due to obsolescence, 
lag in file maintenance, or error. These reports are 
not shown in Figure 2. The bill of material tape 
itself is sorted in assembly number sequence by the 
705 for the second computer run which is called the 
parts requirements explosion program. 

The second computer run uses the bill of material 
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are kept updated by the 705 daily or as necessary. 

To prepare a steel procurement stock status report, 
for example, the 705 will select the updated cus- 
tomer order tape, the parts list tape, the detail mate- 
rial tape, the daily transactions tape, and the pre 
vious balance tape. These data can be processed 
to produce a number of other tapes and reports: 
present steel inventory; steel planning; and various 
management by exception reports such as expedit- 
ing, order action, inactive steel, obsolete steel, excess 
steel, and steel reservations and requisitions. The 
steel requisition can then be used to produce other 
documents necessary to shop operation such as pre- 
printed and prepunched press cards, pickle and shear 
cards, Sched-U-Graph tickets, material accounting 
tickets, disbursements, and labor tickets. 


as input, plus the definite and forecasted customer 
orders and schedule changes such as increases, de- 
creases, redates, and cancellations. ‘The main output 
is the raw material requirements tape which contains 
all the parts needed to fill the customer’s order for an 
assembly and the size and quantity of steel needed to 
make the part, plus all scheduled changes for each 
part. The requirement tape also contains the assem- 
bly data needed to complete and ship each part on 
time. During this program the 705 also creates a pur- 
chased parts requirement report for the Purchased 
Parts Dept. to aid in ordering and expediting. 

A part can be identified with the correct steel size 
because of the bill of materials merge. But if gage, 
width, and length are used, there are 1,200 different 
sizes. To simplify this identification problem for the 
705, each size is given an eight-digit code number 
called an item number. The parts requirements tape 
is sorted in item number (or size) sequence to be 
merged with all the other transactions involved in 
the material control application. Each of these 
(shown as input cards across the top mght-hand side 
of Figure 2) has a separate system of its own. The 
main material control program then produces as its 
main output the master tape file of all raw material 
inventory. This is the stock status master tape which 
contains a record of each size in item number 
sequence. This master tape is updated by the 705 
daily using the old master as input in addition to all 
daily transactions. The nucleus of all management 
exception reports and prepunched tickets is the 705 
stock status report, whose form is shown with part of 
a daily transactions report in Figure 3. With these 
two reports the operating personnel in the Steel 
Procurement Dept. have by 10:30 a.m. a complete, 
detailed record of each steel size and the activity re- 
volving around it up to 7:00 a.m. the same morning. 

The main material control program also produces 
a number of other reports for management use which 
are shown in Figure 2. For example: 

Order action report—The amount to be ordered is 
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the amount of the negative planned inventory; order 
date is computed to maintain a 30-day inventory. 

Obsolete and inactive material report—This report 
contains all material that is definitely known to be 
obsolete and all material that is determined to be in- 
active. Material becomes automatically inactive if 
there has been no requirement for that material for 
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Fig. 2. ae 
Simplified flow chart of system 
used for controlling material 

in stock. Main output 

is the stock status tape, 

which is updated every day. 


DETAIL 
MATERIAL 


CUSTOMER 
ORDERS 


A.0. SMITH 
FORECAST 


STOCK STaTUS REPORT 


SPEC GAUGE wIOTH TYPE SHE INVENTORY 


LENGTH eT ON HAND 
WEIGHT PIECES WEIGHT VALVE 


16 #17900 40 65 SHEET 1720414 446 76697 4647235 


T NOs 


Par PART NOs 
PREF NO SUFF 


CcUST PCS B8/M P/B S CUuST PCS 6/M P/B S cust 
out out PREF NO SUFF 


160 2 2 O CM 119 10 Bul¢c 180 2 3 0 


STEEL 
REQT 


AMT TOTAL TOTAL SUB/STD REOSN PURCH MILL 
cov REGT .cCOV ITEM NO AMT ORDER CODE 


ORDER 
BAL 


390 


PART NO. RUN ORDER 
REF NO SUFF NO. e 


36208 INL 781 


1193 10 3240 206 204 
204 


30671) INL 


1194 10 3242 204 


ATOMOTIVE STEM PROC vERERNT 


DAILY TRANSACTION REPORT 





= =. — 
he 


—— 8S aamaction ae ConmeETS 


= = 





60600750 
60600790) 
60600780 
60600750 
Seneeeel 
eae 
60602400 
60602400) 
60602400 cm 


€0603000 


60603000\cm | 


606n*- 


oo Leal 
T5680 [NEw PO 
SOLOS MATL REC 


mm LS) | 
9 


os 
os 


91965 18S 
46% BAL 
62 % UND PO 


. 
30143) SN CHG 





62 & UND PO 





31641 SN CHG 


92577 | New PO 252673 Les 


30} 
} 
| 


2550 


NEw REOT 
| 5 % Ov PO 


31695) SN CHG 


| 
325746 NEW PO 66335 Les 





lotse MATL RUA NOT FOUND 


33374 NEW PO | 74202 Les 











| 2920 | 














[new Rear 


olewe tte 


STEEL SUBSTITUTION PROGRAM 


When any part is made from a steel size other than 
the standard steel size called for in the engineering 
layout, a steel substitution must be made. There are 
many reasons for substitution, among them: 
¢ Delay of receipt of material on order. 
¢ Small volume of parts, as when the requirements for 


a period of three months. The report will show any 
open orders or extended requirements for inactive 
material, the amount on hand, and the number of 
weeks of no action. 

Excess report—Material in excess of a 30-day in- 
ventory will appear on the excess report which shows 
the amount of material in excess and its value. 
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FIG. 3. 

Stock status and daily 
transactions reports 

produced by computer 

give good idea of detailed 
knowledge of present conditions 
now avilable to management. 


a short period will be less than a 10-ton minimum 
steel order and a price penalty will be incurred. 

¢ Unexpected increased customer schedules, with no 
time to order the standard size steel. 

¢ Excess and obsolete steel due to reduced schedules, 
cancellations, or model year changes. 
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FIG. 4. 
permits more efficient use of obsolete and excess steel. 


FIG. 5. Steel sheets from sizes in stocks are sheared 
according to these diagrams to make various parts. 
Computer calculates percent utilization of sheet 
to determine which size to use. Only shear diagrams 


1, 2, and 5 were ever used with manual computation. 


The flow diagram for control of steel substitution 
is shown in Figure 4. The input data needed is de- 
rived mainly from the detail material sheets prepared 
by the Engineering Control Dept. and from the 
standard sizes and obsolete steel lists in the stock 
status tape. Obsolete steel is reduced efficiently. 

The 705 was used to prepare a steel substitution 
catalog which the Steel Procurement Dept. uses to 
select the best possible substitute size. The catalog 
was prepared because manual selection and computa- 
tion is too time consuming and inefficient. For ex- 
ample there might be 75 sizes of 0.119-in. gage steel. 
Manual computation of the number of cuts and the 
percent ultilization of all of these sizes for just one 
part would take at least six hours. The first steel sub- 
stitution catalog was computed on the 705 in 1958 
and had 40,000 possible substitutions with a utiliza- 
tion between 80 and 100 percent. Manually this com- 


IN-PROCESS INVENTORY 


The next step beyond the material control program 
for an integrated production control system is a pro- 
gram to permit the 705 to control in-process inven- 
tory, that is, to account for all material, parts, and 
assemblies from the time the material is disbursed 
until the final product is shipped. This system is 
presently in the planning stage. The flow chart in 
Figure 6 gives an overall picture of the program, 
which uses the 705 at three stages. 

In the first stage, inventory records are updated 
with the transactions accumulated during the past 24 
hours. A shop routing tape serves as the reference 
file when a part is being fabricated for the first time 
—the 705 referring to it to obtain the operations to 
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putation would have required about 40 man-years. 
On the 705 it now takes 3 hours. From tests, sav- 
ings from the use of this catalog average $18,000 a 
year, mainly through the ability of the 705 to com- 
pute various shear cuts not commonly sheared. 

The 705 can be used to select the best possible way 
to cut any size sheet for any given part. The basic 
shear diagrams used are shown in Figure 5. Only 
shear diagrams 1, 2, and 5 were ever computed man- 
ually for a steel substitution. The material savings 
using the additional 705 shear cuts are far greater 
than the labor costs for extra handling. 

The catalog is presented in two different ways. 
One is in item number (steel size) sequence which 
shows what parts can be made from a given size and 
is useful in disposing of obsolete steel. The second 
is in part number sequence and will show all the steel 
sizes that can be used to make a particular part. 


be performed on the part. The inventory tape con- 
tains such information as quantity of finished parts 
available, quantity of parts in various stages of com- 
pletion (and at what stage they exist), the status of 
each run number (order number), and the accumu- 
lative totals made for the month and for the model 
year. These records are updated by the various trans- 
actions. This first phase produces three tapes: an 
updated inventory tape complete except for the re- 
duction due to those parts being used in assembly 
operations, a tape listing all transactions where parts 
or subassemblies are used, and a tape record of errors 
which the program is designed to account for. 

The second phase takes the list of transactions in- 
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FIG. 6. This program keeps track of material in process 


of being manufactured, affords schedule planners more time 


to smooth out load fluctuations and avoid bottlenecks. 


volving assemblies where parts are used 
and, with the parts list tape from the ma- 
terial control program, explodes it into a 
parts used list in part number sequence. 

In the final phase the 705 receives inven- 
tory of the components used in the assem- 
bly operations and produces an analysis of 
the present inventory status based on cur- 
rent schedule requirements, that is, an up- 
dated and complete inventory tape, a part 
status report, an expediting report, an error 
report, and an excess report. 

The parts status report can, for every 
part or assembly, provide number of fin- 
ished units available, summarize the in- 
process inventory at specific stages of fabri- 
cation, and also indicate requirements by 
week based on current schedules. 

The in-process inventory program will 
reduce such inventory by relieving shop- 
schedulers of the task of preparing the parts 
status report, thus giving them more time 
to concentrate on the scheduling and re- 
ducing lead time between operations. The 
output of the program will provide data 
for the next step—automatic scheduling. 


MACHINE LOAD FORECASTING PROGRAM 


Machine load forecasting is the process of pre- 
dicting the time required on machines to perform 
certain scheduled operations; the forecasting pro- 
cedure is outlined by the flow diagram in Figure 7 
The 705 must match a schedule against a parts list 
to produce a parts requirement list, which is then 
matched against routing to produce a detailed press 
load list. The latter list is then matched manually 
to a press utilization factor 
list to prepare a summary 
forecast of the number of 
shifts required per day on 
each piece of equipment. 

Referring to the flow 
chart, in the first phase of 
the program the 
matches a schedule and a 
parts list to determine that 
5,000 pieces of part 1 and 
10,000 pieces of part 2 — 
must be made for 5,000 of sila 
assembly A. From the SMBLY PART QTY/ASMBLY 
routing tape, two press 7% 2 
operations must be _per- 
formed on part 1, opera- 
tion 5 on press a at 100 
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05  enee 
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pieces per hour. The detailed forecast for each press 
is therefore computed by dividing the number of 
pieces needed by the number of pieces processed 
per hour for each operation. 

The essential piece of data for computation of press 
utilization factors is the labor ticket and is matched 
against routing (for pieces per hour) to prepare a 
weekly activity list. The example on the flow chart 


FIG. 7. Machine loads are 


forecast months ahead of time with 


programs like this to determine the 


number of machine shifts required 


to meet customer’s schedules. 
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shows that press a performed 32 hours of work on 
the first shift, 25 on the second, and 33 on the third 
and that b performed 21 hours on the first, 29 on 
the second, and none on the third shift during a 
previous week, If this activity is typical of the 
capacity of these two presses, manual analysis would 
show a press utilization factor for press a of 30 hours 
per week per shift and for press b of 25 hours per 
week per shift. The remainder of the 40 hours 
available per shift week is accounted for by setup, 
delays, repairs, inspection, etc. The summary fore- 
cast is prepared by applying the factor just calcu- 
lated to the detailed forecast. Thus 90 hours re- 
quired of press a during the week being forecast 


MANPOWER FORECASTING SYSTEM 


The 705 has been an ex- 


tremely powerful manage- 
ment tool for determining 
a relatively proper and 


SCHEDULE 


ASMBLY QTY/wK 


"1 “ 10,000 
stable manpower utiliza- 


tion in the automotive 
shop. A somewhat tedious 
but quite effective manual 
method had been devel- 
oped to predict the man- 
power requirements in the 
key areas of certain depart- 
ments. The method paid 
off because it presented to 
the shop foremen the 
peaks and valleys of the as DEPT Pcs/uR 
anticipated production : om 8 200 
load in the form of a graph 2 PANT 63 62 400 
that showed where to re- 
duce labor variations that 
could easily tie up a sched- 
ule to the point of over- 
load and costly overtime 
production. 

The manpower forecast- 
ing program developed for 
the 705 is basically similar to the machine load pro- 
gram just described, as can be seen from the flow 
chart of Figure 8. Here again the current scheduled 
requirements are matched against the master parts 
list and the master routing. But slightly different 
information is now produced. The routing now 
tells not only what type of operation is performed 
on a certain part, but how many men are needed to 
perform this operation at a specific performance rate. 

If 10,000 assemblies type M are called for in the 
schedule and only one part number 1 is required on 
assembly M, the 705 searches the routing tape to 
find out that two operations, form and drill, must 
be performed on 10,000 of these parts. If the form 
operation can be done at 100 pieces per hour, the 
10,000 parts can be formed in 100 hours. But this 
operation takes two men, so the total productive 
man-hours for this particular job are 200. This is 
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divided by its capacity of 30 hours per week per shift 
shows that the press must be operated three shifts 
per day during the forecast week to perform the 
scheduled operations. Similarly, press b will be re- 
quired one shift per day. 

A long range forecast prepared eight to 10 months 
prior to the peak of a new automobile year and based 
upon tentative routing (planning) and preliminary 
parts lists and schedules permits the spotting of po- 
tential overloads while most of the tools are still in 
the design or early fabrication stage. Short range 
forecasts of the next three or four months are used 
to anticipate bottlenecks, smooth load fluctuations, 
and indicate temporary rerouting as required. 


FIG. 8. Manpower requirements are forecast by 
program which accounts for productivity of men on 
individual operations by considering previous performance. 
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not the complete picture, however. A measure of 
a man’s performance must be included. 

The labor ticket provides feedback data on actual 
production. By accumulating the total attendance 
hours on a given operation and comparing with the 
total productive man-hours for the job done during 
that period (calculating as above), a factor can be 
derived that is an excellent yardstick to use in de- 
termining future productive loads. On the flow 
chart the factor 1.50 is derived for the forming op- 
eration in Department 80 by dividing the calculated 
man-hours by the attendance hours, that is 1,500/ 
1,000. This factor is then divided into the total 
forecasted productive man-hours of 360 to find the 
240 actual attendance hours needed to form 30,000 
pieces of parts 1 and 2 for assembly M in a week. 
Dividing by the 40 hours a week each man can 
work, six men will be required each day. 
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Small as an ordinary desk, 
the Control Data 160 has the 
capability of computers many 
times ifs size. 


QUICK FACTS FOR MANAGEMENT 


VERSATILE: Offers broad use in fields of engineering 
and scientific calculation, real-time data processing, 
data conversion, data logging and data acquisition, 
industrial control, communications systems, statis- 
tical and business data processing. 


FAST: You can execute 60,000 instructions per second. 
The 160 uses solid state circuits and a magnetic core 
memory like those used in the Control Data 1604 — 
one of the newest, most advanced large-scale com- 
puters made today. 


POWERFUL: The desk-size 160 gives you performance 
better than that of many large-scale computers in 
use today. 


EASY TO USE: Experienced programmers can learn 
the 160 in one day. A two-week course is available 
for inexperienced personnel. 


AND LOW IN COST! $60,000 for the basic system. 





TO READ THIS SENTENCE... 
- “—Y THE NEW CONTROL DATA 160 
EXECUTES 180,000 INSTRUCTIONS 


QUICK FACTS FOR THE TECHNICAL STAFF 


1. MAGNETIC CORE STORAGE: 49,152 bits. Storage cycle 
time, 6.4 microseconds. Basic add time, 12.8 micro- 
seconds. Information read available 2.2 microseconds 
after start of cycle. Average execution time, 15 
microseconds per instruction. 5 megacycle logic. Will 
handle input-output speeds of up to 65KC. 


2. OPERATING MODE: Operation controlled by an in- 
ternally stored program. Single address logic, one 
instruction per word. 


3. PROGRAMMING: Repertoire of 62 instructions. Ease 
of programming features flexible addressing modes 
—no address, direct address, indirect address and 
relative address. Complete programming package 
includes 22-, 33-, 44-bit fixed point arithmetic, float- 
ing point, complex floating point, decimal, floating 
decimal, and algebraic compiler. 

4. INPUT-OUTPUT: Versatile instructions provided to 
handle available line of input-output devices: 350 
character/second paper tape reader, 60 character/ 
second paper tape punch, electric typewriter, up to 
8 magnetic tape handlers (either 15KC or 30KC), 
card reader, card punch, and line printer. 


ol lft CONTROL DATA CORPORATION 


501 PARK AVENUE + MPLS. 15, MINN. + FEderal 9-0411 


138 CIRCLE 138 ON READER SERVICE CARD 


CONTROL 





ENGINEERING 


The Gyroscopic Mass Flowmeter 


An old principle—that of the gyroscope—is exploited in a new 
approach to measuring mass flow. The gyro flowmeter is a loop of pipe 
vibrating almost imperceptibly that will measure the mass flow of 
nearly anything passed through it, from heavy liquids to light gases. 


MARTIN M. DECKER, The Decker Corp. 


The ability to measure true mass flow rather than 
volume flow is becoming a practical necessity as indus- 
try tightens quality control and pricing practices. And 
certain industries have a natural need for mass flow 
data—chemical reactions are innately mass reactions. 


Principle of the vibrating gyro flowmeter 


A mass flowmeter of exceptional accuracy and versa- 
tility has been designed based on the gyroscopic 
principle. If a section of tubing carrying a flowing 
fluid is bent into a circular loop, the total angular 
momentum of the fluid in the loop is proportional to 
the mass flow rate. Gyroscopic action is a response to 
total angular momentum. Thus, it follows from gyro- 
scopic precession relationships that if a fluid-carrying 
loop is suspended vertically and vibrated about its ver- 
tical diameter (the angular momentum being about an 
axis normal to the plane of the loop) a precession torque 
will appear about the horizontal diameter of the loop. 
It will have the same frequency as the input vibration 
and an amplitude proportional to the mass flow rate of 
the fluid in the loop. Such an instrument will measure 
the mass flow of almost anything passed through it: 
non-Newtonian fluids, slurries, solids in gases, etc. 

Figure 1 shows an early form of the vibrating gyro 
flowmeter. The center of the loop is the mechanical 
center of the instrument, which is connected to the 
external pipeline through two flexible couplings. The 
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fluid makes two right angle bends entering, a 360 deg 
rotation, and two right angle bends leaving. Since no 
orifices, vanes, or plugs obstruct the stream, the pressure 
drop is due only to these bends and the flexible 
couplings and can normally be made negligible. 

The radial pipe sections are freely surrounded by a 
hollow shaft which forms the horizontal diameter of the 
loop. The only connection between this shaft and the 
radial conduits is made at the left end of the horizontal 
axis where the conduits join the loop. Two reduced 
sections of the horizontal shaft act as torsion springs to 
permit the vibration about the horizontal axis. 

The vertical shaft is rigidly connected to the hori- 
zontal shaft at the center and is bearing-mounted so 
that the whole instrument assembly can rotate about 
the vertical axis. A constant speed motor drives the 
loop through a slot-and-eccentric-pin linkage. The 
motor can be quite small since only reactive power is 
required except for the bearing losses. The amplitude 
of the input oscillation is adjusted by the eccentricity 
of the driving pin. The frequency is determined by the 
speed of the exciter motor. 

Besides being proportional to mass rate of flow dM/ 
dt, the output amplitude @ is also a function of input 
amplitude ¢ and frequency , both of which must there- 
fore be held constant. That is 
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FIG. 2. Resonance between loop inertia and horizontal 
torsion springs is function of densitv of fluid in loop; out- 
put can vary with density except in low frequency region (A). 


FIG. 1. Early form of gyro flowmeter 
used to explain basic principle. 





constant about the horizontal axis. Notice that the 
moment of inertia about the horizontal axis I, resonates 
with the spring constant at the frequency , = (k,/I,)™. 
Since the moment of inertia of the loop includes the 
total mass of the fluid in the loop, this resonance fre- 
quency depends on the density of the fluid, as shown 
in Figure 2, in which fluid density is much greater 
for f: than for fz, etc. ‘Thus, for the instrument to be 
independent of fluid density the drive must be operated 
on the low frequency linear portion of the curve at A. 

igure 3 shows a system similar to Figure 1 except 
for the addition of a torque feedback loop to eliminate 
the resonance and thus the sensitivity to density. ‘The 
constant velocity input drive is replaced with a constant 
torque drive so that in this case, without feedback, the 
input angle # would vary with frequency, but the torque 
would be independent of frequency. ‘The voltage gen- 
erated in a pickup transducer mounted at the bottom 
of the loop is amplified, and the amplifier output drives 
a second coil diametrically opposite the pickup. The 
output is phase-sensitive relative to the input frequency, 
going through a 180-deg shift at zero mass flow; hence 
the gyro mass flowmeter will measure reverse flow. 
Phasing is arranged so the torque produced by the feed- 
back coil opposes the torque due to gyro action of the 
flowmeter, reducing the amplitude of the output vibra- 
tion considerably. 

The magnitude of the amplifier output current in 
Figure 3 is directly proportional to mass flow rate. The 
high negative feedback results in an effectively non- 
resonant system that permits a high drive frequency 
and thus a low response time. The constant of pro- 
portionality depends only upon basic instrument design 
parameters and is not affected by age, temperature, 
pressure, line voltage, viscosity, density, etc. Hence 
the calibration of the flowmeter is very stable. The 
current which drives the feedback transducer can be in- 
tegrated by electrical circuits, watt-hour meters, or many 
other devices to indicate or record total mass flow. — 

The prototype meter shown in Figure 4 has been 
refined mechanically to reduce sensitivity to external 
accelerations. It has a full scale rating of 500 Ib per 
min using a 14-in, stainless steel conduit with a loop 
diam of 12 in. The horizontal resonance frequency is 
100 cps and the drive frequency is 12 cps. Drive ampli- 
tude is 0.20 deg and the full scale output displacement 


FIG. 3. Resonance shown in Figure 2 can be 
damped by negative feedback to driving transducer 
to permit higher input frequencies and better 
response to varying mass flow rates. 
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FIG. 4. Prototype meter is mechanically redesigned for 
low sensitivity to external acceleration. 
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FIG. 5. Prototvpe shows flow rate error in either direction within 
+ percent of full scale and 1 percent of reading over 20 to 1 range. 


is 0.0015 deg without torque feedback. An electronic 
console indicates flow rate and totalized flow rate digi- 
tally to better than plus or minus 1 percent of full scale 
and includes constants for actuating process controllers 
when total flow or flow rate reach preset values. Tele- 
metering transmitters can be added to transmit data to a 
remote point. 


Performance of the prototype 


In a series of 79 tests performed by Armour Research 
Foundation, an early crude meter showed an rms error 
of 0.45 percent of full scale reading. The results of 
108 test runs (54 each plus and minus flow) made more 
recently on the production model by The Decker Corp. 
are shown in Figure 5. Test flow rates varied from 20 Ib 
per min to 500 Jb per min, and all the data fell within 
plus or minus 4 percent of full scale and plus or minus 
| percent of reading. ‘These test runs were made by 
weighing the fluid passed through the flowmeter 
(typically 1,000 to 1,500 Ib to plus or minus 2 Ib 
accuracy) and comparing this to the integrated flow 
indicated by the recorder-integrator unit (Minneapolis- 
Honeywell Model 153X47VB-ILIII-28). The re- 
corder-integrator was calibrated to plus or minus 0.2 
percent accuracy. 

Improvements suggested by the prototype tests will 
be incorporated in the first production models which 
will be 500 Ib per min meters priced in the $1,500- 
$2,500 range. Prices on models to be introduced later 
with other flow ratings will vary. 


CONTROL ENGINEERING 





TIROS 
relies on 





LAMBDA reliability 


Standard 
Lambda 
Regulated 
Power Supplies have again been 
selected for a job where reliability and quality 
are of vital importance. They power the ground 


equipment in the primary and back-up stations that 
control and track America’s newest missile—TIROS. 


In TIROS as in SAGE, Digital Computer 
Intervention and Display System and other leading 
electronic projects, Lambda Power Supplies are 
specified because Lambda equipment has consistently 
proven its reliability. 

This same Lambda quality is the reason Lambda 
Power Supplies are consistently selected first by 
engineers in independent surveys. To find out more 
about Lambda Supplies, which are guaranteed for 

a full five years, send today for the Lambda Catalog. 
It gives data on Lambda’s complete line of tube 


models ranging up to 525 VDC and transistor models 
up to 10 Amps. 


res m 
The Tiros System 
Sponsored: National Aeronautics and Space Administration 
Technical Direction: U.S. Army Signal Research and 
Development Laboratory 
Developed and Built: Astro- Electronic Products Division, 
Radio Corporation of America 


LAMBDA ELECTRONICS CORP. 


11-11 131 STREET ¢ DEPT. 4 « COLLEGE POINT 56,N. Y. ¢ INDEPENDENCE 1-8500 


MAY 1960 
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Switching Networks 
Program Tube Tester 


One second from tube insertion to delivery of punched-card test 
data is the speed record set by IBM’s “STAR”. System features 
large scale logical networks of gold-alloy wire contact relays 
for establishing circuit parameters and sequencing the test cycle. 


PAUL E. HADDON, International Business Machines Corp. 


A new quality-control tool, IBM’s Special Tube 
Analyzing Recorder (STAR), tests electron tubes 
automatically at high speed. ‘The equipment quickly 
checks sample lots taken from a production run 
and immediately presents the performance record 
for each tube in the form of punched cards and a 
typewritten tabulation. A wide variety of tubes can 
be handled; programming the tests for any given 
type requires only a few moments. 

The STAR system, Figure 1, consists of an elec- 
tric typewriter, a console which contains the major 
logical units, a power supply, and a card punch. A 
prewired patchboard controls the operation of the 
basic test circuits and components housed in the 
console. It does this by selecting the right circuit 
at the right time and by routing programming pulses 
that set up the detailed test circuits. The control 
panel also determines the kind of tests to be done, 
the conditions of each test (plate voltage, grid re- 
sistance, etc.), the sequence of the tests, and the 
limits against which each measurement is to be 
compared. Wiring of the patch panel can be done 
prior to its use in the system. In typical cases 10 
or more panels may be wired for the most common 
tube types. Jacks or hubs on the panel are labeled 
to indicate the function performed when the hub 
position is energized. 

The STAR performs the static and low frequency 
dynamic tests listed in the table. The six program- 
mable power supplies are designated as plate, screen 
grid, control grid, suppressor grid, cathode emission, 
and filament-heater. Punched and typewritten re- 
sults are produced in from 1 to 2.5 sec for ac tests, 
assuming no time delay for stabilization. 


Performing the test 


Figure 2 is a simplified drawing of the dec static 
current-measuring circuit. Blocks Rgi, Ree, etc. con- 


tain a series of resistors having a 1, 2, 3, 6 code 
relationship, as shown in Figure 3. By energizing 
the proper relays, any resistance value from zero to 
maximum can be inserted into the electrode circuit. 
For example, a value of 940 ohms is obtained by 
selecting relays 1, 3, 7, and 8. In actual tests the 
relays are programmed by means of the console 
plug board to produce the resistance needed to simu- 
late normal tube usage or test conditions. 

Tube parameters are found by measuring the volt- 
age across a precision resistor in series with the elec- 
trode current. Normally the resistors are valued at 
1, 10, 100, etc. ohms and produce a voltage that is 
direct reading except for the decimal point; thus, 
no conversion is necessary from the indicated value 
to the true value. The measuring element is a Non- 
Linear Systems four-digit digital voltmeter that ac- 
cepts positive or negative inputs and automatically 
selects the proper range. The voltage-comparing 
mechanism in this instrument consists of a series of 
mercury-wetted contact relays rather than a stepping 


TABLE OF PROGRAMMABLE TESTS 





Parameter 


Characteristic Testing Range 





0.1-50 ya 

0.02-300 ma 

0.50 ma 

500-—20,000 micromhos 
X1-—X40 

1-25 watts 

0.001—1 amp. 
0.01-3 amp 

1 pa-3 ma 

1 »a-3 ma 


Negative control grid current 

Plate current 

Screen grid current 

Transconductance (Gp)... ........ 

Ac Amplification 

Power output (class A) 

Cathode emission 

Filament current 

Minus heater cathode leakage...... 

Plus heater cathode leakage 

Insulation resistance (one element to 
all others) 





5-500 megohms 
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FIG. 2. Simplified schematic dia- 
gram of circuit for current measure- 
ment. “R” and “E” blocks repre- 
sent programmable electrode loads 
and voltages, respectively. 


Electrode 
Tube 


electrode 

td 
10 20 30 60 100 200 300 600 1 2 3 
ohms ohms ohms ohms ohms ohms ohms ohms kilohm kilohms 


FIG. 3. Coded resistor block can 
be set for desired resistance by open- 
ing proper relay contacts. 
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FIG. 1. Four units in STAR 
system are electric typewriter, 
test console, power 

supply, and card punch 








switch. The relays are selected 
in sequence under control of 
a timing mechanism. As each 
relay is selected, a comparison 
is made to determine whether 
that relay is to be held or 
dropped. ‘This process con- 
tinues until all 16 “bit” relays 
in 2-4-2-1 code have been sam- 
pled. The code is converted 
to decimal digits for visual 
presentation and readout. 

The accuracy of this instru- 
ment is 0.01 percent + 1 digit 
with a resolution of 1 mv. 
Voltmeter scanning time is 
approximately 350 millisec. 
The programmer allows 400 
millisec minimum for the com 
plete measurement process. 
During the voltmeter scan cy- 
cle, all programmer functions 
are interlocked to minimize 
the generation of noise pulses 
due to relay current interrup- 
tions. The digital reading con- 
tained in the voltmeter at the 
end of scan is that of the cur- 
rent measured. 

The digits are then read out 
serially in 0.1 sec increments 
to three units: the limit com- 
parator, the card punch, and 
the typewriter. The limit 
comparator is a relay network, 
Figure 4, whose function is to 
compare the digital reading on 
the voltmeter against the limits 
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FIG. 4. Wiring diagram of 
limit insertion and comparison 
matrix. If voltmeter reading is 
beyond either high or low 


limit, no-go relay is energized. 


energizes one of the re- 
lays Rl through RS, Fig 
ure 2, thus inserting the 
precision resistors and 
measuring circuit block 
in series with the current 
to be measured. The 
master relay sigiultane- 
ously actuates one of the 
relays seen in Figure 5, 
which selects the par 
ticular electrode circuit 
that is to be checked. 
For plate current meas- 
urement, for example, 
R1 is energized so that 
current flows from the 
positive terminal of the 
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converter 
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programmed on the control panel. Coincident with 
the punching and printing of the fourth voltmeter 
digit, the relay comparator causes a card “zone 
punch” to indicate that the test value was either 
inside or outside of limits. 


Dc tests 


‘The tube circuit configuration necessary for a test 
is set up by selection of a “master” relay, which 
actuates additional relays in the test and measuring 
circuit section. There is one “master” relay for each 
test. This arrangement allows the wires and relay 
contacts that form part of the test circuit to be 
physically and electrically isolated from the control 
circuits. At the start of a typical test, the master relay 


plate voltage power sup- 
ply, through the R, 
block, and to the tube. 
The return path is 
through the Rx block 
and the ground circuit 
to the ground connection 
of the precision resistor 
and measuring circuit 
block. Current then flows 
through the selected re- 
sistor (relay contacts are 
shown for the 1-ohm 
and 100-kilohm resistors 
only) and finally te the 
negative terminal of the 
plate voltage supply. 
All other electrode 
circuits carry normal cur- 
rents and may be pro- 
grammed at will with any 
values of series resistors. 
Selection of one of the 
precision resistors also 
connects the digital volt- 
meter across the resistor. 
If low voltages are to 
be measured, ac or dc 
preamplification may be required. The preampli- 
fiers are selected by control panel wiring in the same 
manner as the precision resistor itself was selected. 


Voltmeter 


FIG. 5. 
Schematic of 
voltmeter circuit 
showing amplifiers 
and rate detector. 


Ac tests 


Ac tests such as for transconductance, amplifica- 
tion, and power output are performed by automatic 
selection of additional relays that connect a 1-kc sine 
wave oscillator in series with the grid circuit for 
signal input and an ac to dc converter between the 
output terminal and the digital voltmeter. Trans- 
conductance, for example, is found by applying a 
small ac signal to the grid of the tube and measuring 
the resulting ac plate current. To satisfy the neces- 
sary condition of constant E, the plate of the tube 
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is returned to the B+ supply through a 100-henry 
choke. The ac plate current flows to ground through 
a low impedance shunt load composed of a capacitor 
and programmable low resistance resistor. The ac 
voltage across the resistor is amplified, converted 
to direct current, and measured by the digital volt- 
meter. The magnitude of signal input is selected 
by picking relays that tap a precision resistor con- 
nected across the oscillator output. 

Power output tests employ about the same circuit 
configuration as transconductance but usually re- 
quire loads of several thousand ohms. These are 
furnished by a coded series of resistors that are relay- 
selected to cover the range from 0 to 15,000 ohms 
in 100 ohm steps. The voltage across the load re- 
sistor is fed to a vacuum tube voltmeter, which in- 
corporates a diode ladder squaring circuit to provide 
an indication equal to the true rms input voltage. 

Some tube currents do not reach a steady value 
immediately after the external circuit is completed 
but rise over a period of tenths of seconds or more. 
To ensure that the current being measured is of 
constant amplitude, the STAR employs a rate de- 
tector which consists of an RC differentiator, chop- 
per amplifier, and rectifier. The detector is con- 
nected in parallel with the digital voltmeter input 
terminals. When the voltage input is constant, the 
differentiator output is zero. When the input 
voltage is changing, however, the differentiator de- 
livers a voltage output to the chopper, which in turn 
produces a low voltage square wave. This is ampli- 
fied, rectified, and used to pick up a relay that inter- 
locks the voltmeter. The voltmeter cannot start 
its scan cycle until this relay is in its normal (un- 
energized) condition. Because some tube types 
oscillate slowly about a dc value for long periods of 
time, the rate detector may remain energized and 


Function 


Select master 
relay 


Set up circuits 


Apply voltage 


Start digital 
voltmeter 


Interlock 


Compare 
Record !st digit 
Compare 
Record 2nd digit 
Compare 
Record 3rd digit 
Compare 
Record 4th digit 


Decimal compare 


Go/no-go record 
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prevent continuation of the test sequence. A delay 
timer restarts the test sequence if stabilization is 
not achieved within an arbitrary period. When this 
occurs, the card is punched to indicate that the tube 
was not stable during measurement. 


Reliability and noise 


The relays chosen for STAR’s large scale logical 
switching capability are plug-in wire contact units 
with gold-alloy wires and contacts. These relays 
have high mechanical and electrical reliability, and 
produce negligible effects on the circuit in which 
they appear. The latter is important because the 
measuring circuits pass low level currents and volt- 
ages; hence the switching contacts must not intro 
duce intolerable voltage drops or rises. The gold-alloy 
contacts have resistances ranging between 5 and 50 
milliohms, are not attacked by normal atmospheric 
environments, and can reliably switch “dry circuits” 
for tens of millions of operations. Minimum volt 
age drop across relay contacts is further insured by 
paralleling contacts as shown in Figure 5. 

The wire contact relays are not restricted to ver- 
tical mounting as are mercury wetted contact relays. 
The contacts are supported by a molding of glass- 
filled alkyd resin, which has a resistance several 
orders of magnitude greater than normal black 
phenolic plastics and does not readily absorb mois- 
ture. This combination of characteristics minimizes 
shunt conductances and therefore reduces ohmic 
coupling between high voltage circuits (such as those 
at plate voltage level) and low level circuits. 

Programming mechanisms and control circuits 
are the source of noise voltages not found in man- 
ually operated test devices. These noise voltages 
include: inductive surges from relay and circuit 
actuation, hum voltages from ac power lines, and 


FIG. 6. Timing diagram for test sequence 
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de “cross talk” from shunt conductances. ‘The noise 
frequencies vary from dc to several kilocycles and 
completely blanket the frequency range in which 
measurements are to be made. This fact rules out 
filtering to improve signal to noise ratios. Conse- 


quently, noise must be eliminated at the source. 
The effect of relay and circuit breaker noises is 

reduced by interlocking the system programmer 

during measurement. The system timing cycle pro- 


vides a 0.4-sec “dead space” in the middle of the 
test cycle during which a minimum number of relays 
are actuated. Those units that must function dur- 
ing the “dead space” are connected to suppression 
networks composed of diodes or series resistor-capac- 
itor networks. Diodes connected in shunt with a 
relay hold coil, for example, reduce the inductive 
voltage “kick” caused by interrupting the hold cir- 
cuit current from 100 volts to a few volts or less. 
Unless suppressed, inductively produced voltages of 
this magnitude may cause voltage spikes of up to a 
few volts in the measuring circuits. 

Noise from 60-cycle power lines is minimized by 
shielding and locating the lines as far as possible 
from the measuring circuits. Alkyd resin moldings 
in the relays and Teflon insulated wire in measuring 
circuits lines effectively eliminate dc crosstalk. 

All relays are mounted on swing-out gates for easy 
access. Measuring circuit relays are on a gate lo- 
cated close to the tube test sockets; the relays used 
for programming and test stepping are located fur- 
ther away for circuit isolation. The measuring-cir- 
cuit gate area is completely enclosed in metal to 
reduce capacitively and inductively coupled noise. 
Signal wires entering the box are either coaxial or 
shielded cable. The measuring circuit relay gate 
contains all relays used for setting up circuit con- 
nections to the tube under test, as well as the con- 
nections to the amplifier, voltmeter, and precision 


eisty 


resistor measuring Cir- 
cuits. For minimum lead 
lengths, the precision re- 
sistors are mounted di- 
rectly on the bases of the 
relays used to switch them 
into the circuit. 


Sequencing 


Once programmed for a 
given tube type by means 
of the patchboard, the 
STAR system performs re- 
petitive test cycles auto- 
matically. Each cycle starts 
when a tube is manually 
inserted into a test circuit 
and consists of the timed 
steps shown in Figure 6. 
It is controlled by means 
of a pulse operated se- 
quencing circuit. Pulses 
are generated by three 
cam-actuated circuit breakers feeding the relay 
counter configuration shown in simplified form in 
Figure 7. The A, B, and C cams cause 48 volts to ap- 
pear cyclically on the A, B, and C pulse lines in the 
proper time sequence needed to energize the relays 
Ry, Re, etc. that control the various operations listed 
in Figure 6. Relays Ry, Ro, Rs, and Re are mag- 
netically latched; a main operating coil is designated 
as P (for “pick”) and a latching coil as H (for 
“hold”). A, B, and C pulses occur 10 per sec; six 
A, B, and C pulses are required for one test cycle. 

The first A pulse occurring after the switch S, 
closes energizes relay R; through coil 1P and con- 
tacts R5-3 and R4-3. Relay Rl is latched through 
hold coil R1-H and relay point R1-2 until the end of 
the first C pulse. The first A pulse also appears at 
the output hub labeled “Ist A”. The B pulse oc- 
curring after the first A pulse energizes R4 through 
contacts Rl-1, enabling the second A pulse to pick 
R2 through coil R2P. Relay R2 is held until the 
end of the second C pulse. The second A pulse also 
appears at the output hub labeled “2nd A”. The 
second B pulse picks relay R5 through contacts R2-1. 
This action allows the third A pulse to pick R3 
through its pick coil R2-P. This type of sequence 
continues until six A pulses have been generated to 
complete one test cycle. The pulse after the sixth A 
pulse is the first A pulse of the next test cycle. 

The test cycle may be interrupted at any time by 
opening switch S;. As soon as S, closes again, the 
test cycle will continue from the exact point of 
stopping. This feature is used to shut down the 
sequencing circuits momentarily to allow the tube 
currents to stabilize and the digital voltmeter to 
make a complete scan. During a test a second tube 
may be inserted in the second socket. After comple- 
tion of the tests, the first tube is removed and test- 
ing of the second tube begins automatically. 


FIG. 7 
Pulse-operated 
sequencing circuit 


for test cycle 
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The Many Sides of Solid State Power 


There are many examples of Western Design 
solid state power supplies ... regulated multiple- 
outlet units with a maximum of 3% distortion, 
less than 1° phase shift and regulation as 
tight as + .5V at 130V, 400 cps... economy-priced single- 
outlet units regulated to .3%, with extremely low heat-gener- 


ation and 100 microsecond response. @ Features such 
as these are typical of Western Design’s power conversion 
capability in airborne, ground support and industrial applica- 
tions. Backed by long, complementary experience in the 


electro-mechanical field... strong corporate financial back-up 
... excellent field service ...no one offers quite so reliable a 
package of solid state power as Western Design. @ For, 
detailed information, contact your Western Design represent- 
ative or write us forData File CE-1020-1. 
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V7035A 

3-Way Servo Valve 
Maximum flow: 
6 GPM. Proof pres- 
sure: 3000 Psi. 


V7037B 

4-Way Servo Valve 
Maximum flow: 4 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


V7040A 

2-Stage Servo Valve 
Maximum flow: 40 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


VJ3SO7TA 

2-Stage Servo Valve 
Maximum flow: 15 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 





Rugged! 
Fine resolution! 
Wide flow range! 


Honeywell 


SERVO 
VALVES 


Now Honeywell offers you a complete line of electro-hydraulic 
servo valves designed to meet any industrial application, built 
to withstand all industrial environments. 

Honeywell Servo Valves feature integral LVDT electrical feed- 
back to give you the widest spring-rate selection available. Their 
new rate action assures greater inner-loop stability. They have 
a low hysteresis, low threshold, high speed of response and almost 
infinite resolution. They are torque actuated and can be mounted 
in any position. And, they have on/y one moving part so that main- 
tenance is practically eliminated. 

Used with Honeywell amplifiers, commands, feedbacks, actu- 
ators and other complementary equipment in an all-Honeywell 
electro-hydraulic servo system, Honeywell Servo Valves provide 
the most dependable, efficient machine control possible. 

For complete information about Honeywell Servo Valves, call 
your local Honeywell office. Or write Honeywell, Dept. CE 5-87, 
Minneapolis 8, Minnesota. 


Honeywell 


a . 
4 (> THE FUTURE See Booth 269 at Production Hi wt We Coitiol 


YEAR Engineers Show, 9-6 — 9-16, Chicago SINCE 1885 
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IDEAS AT WORK 


Binary Pneumatic Cylinders 
Position Printer Head 


T 
ROBERT M. ROSE To print head 


Potter Instrument Co., Inc. re Pneumatic 


a 


cylinders \ 








The unique pneumatic positioning : 
device pictured in Figure 1 and dia- . FIG. 1. 
grammed in Figure 2 was designed to im) Binary coded 
locate a mechanical printing head wy scene te mma 
over any of 96 paper strips that repre- ee ae 
sent aircraft within the jurisdiction control board. 
of a flight control center. These strips 
are arranged in 24 groups of four, ver- 
tically over a 32-in. span. The posi- 
tioner must center the printing head 
on each strip within plus or minus 
0.020 in. 

The pneumatic cylinders act via 
rollers to change the effective length 
of a chain fastened at one end to the 
print head carriage (protruding to the 
left near the bottom of Figure 1) and 
at the other end to the piston rod 
of cylinder 1. Thus each cylinder 
shortens the external length of chain 
to which the print head is attached FIG. 3. ATC board format. Bottom lines 
by twice the length of its stroke, ex- of various groups are reached by selecting 
cept for cylinder 1 which moves the proper combinations of cylinders 4 through 
print head by the amount of its stroke ase — ee by ery emer | re 

me ' ‘ inders 1 and 2. Print head is biased off 

only. rhe routing of the chain and board at bottom when not in use; bias is 
the numbering and stroke of each cyl- removed by cylinder 3 
inder are indicated on Figure 2 ot 

The pneumatic cylinders are used 34+4+5+4 +2 | 
as binary devices; that is, the pistons 3444542 | 
may be in either of two positions only 3+4+5+| 
when printing occurs: fully extended 3+4+5 
or fully withdrawn. An inactive cylin- 3454142 
der is fully extended and vice versa. = 3 3+5+2 

Group 2 
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Group 3 




















The vertical format required for the 3+5+1 
air trafic control board is shown in 3+5 

Figure 3. The bottom lines of the 

individual groups are spaced at equal 

intervals of 1.150 in. The stroke | °°?! 
lengths of cylinders 4 through 8 are 

arranged to move the printer head in * 
binary increments of 1.150 in.; that is, 

cylinder 4 represents the binary units saree. 43 Pneumatic 
position, cylinder 5 the 2’s, cylinder 6 ml }-—_— cylinders 


Cylinders 3+4 


the 4’s, etc., as: Sas — 
Cylinder 8765 cence 


Group 
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1.150in 
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be reached by actuating cylinder 4 and 
the bottom line of group 23 by actuat- 
ing cylinders 8, 6, 5, and 4. The three Y Tensioning tape to print head 
- additional lines in each group are (opposing chain) 
23 reached by adding 4, 4, or 3 in. incre- 
24 : ments by actuating cylinders 1, 2, or FIG. 2. Length of chain attached to print 
so that the bottom line of group 1 can 1 and 2 respectively (Figure 3). Cyl- head is shortened in binary increments 
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A COMPLETELY NEW KIND OF SHIFT REGISTER 


USING MAGNETIC ELEMENTS ONLY... 


Here is the first commercially available line of all- 
magnetic shift registers. Now you can have both non- 
destructive dynamic and static output in the same 
register. Now you can have the minimum number of 
components, the minimum number bit to bit inter- 
connections and any serial/parallel input and output 
combination. Made with AMP multiaperture ferrite 
cores and copper wire only (see schematic below), 


AMP-MAD SHIFT REGISTER 


BIT 
INPUT 


CLOCK DRIVE INPUT 


TO “EF 
ADVANCE E TO "oO , 
PRIME CURRENT @& 


the AMP Shift Register line has a number of other 

useful features: 

@ —40°C to +75°C temperature operating range 

@ minor aperture output level up to 100 mw at sev- 
eral volts 

@ immune to nuclear radiation 

@ small size—ideal for miniaturization requirements 

@ ultimate in reliability and simplification 


NON-DESTRUCTIVE 
STATIC OUTPUT 


READOUT DRIVE 


DYNAMIC. OUTPUT 


For complete information, including operating data, send for our AMP-MAD* Shift Register brochure. 


*Trade Mark 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada e England « France « Holland « Italy « Japan « West Germany 
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inder 3 removes a bias that places 
the print head completely off the 
board at the bottom when it is not in 
use, and so it must be actuated when- 
ever the printer is used. 

The speed of the print head is con- 
trolled by orifices in the intake and 
exhaust lines of each cylinder. These 
orifices also make the speed of opera- 
tion insensitive to line pressure fluctu- 


Colorimeter Prevents Mixing 
of Transformer Insulating Liquids 


ations. The print head is positioned 
line to line in 2 sec and will traverse 
the full 32-in. span in 7 sec. The unit 
requires 1.5 cfm of air at 100 psig. A 
spring loaded tensioning tape is 
wrapped over additional rollers on the 
lower pistons (Figure 2) to provide 
additional return force for the cylin- 
ders and to keep all slack out of the 
chain. 


]. P. KINNEY and J]. W. BURNETT, General Electric Co. 


The liquid dielectrics used as cool- 
ants in transformers are highly refined 
to meet the requirements of the man- 
ufacturers and of Underwriters’ Lab- 
oratories. Generally they fall into two 
categories—oils and askarels. General 
Electric Co., for example, uses both 
fluids, trade-marked 10-C and Py- 
ranol liquid dielectric, respectively. 
The oil is mineral hydrocarbon; Py- 
ranol is a chlorinated liquid. 

In case final assembly tests on the 
transformer and its liquid fail to 
meet the narrow specification margins, 
the liquid is drained and replaced. 
But even with separate tanks for stor- 
ing the out-of-spec fluids before re- 
claiming, the draining process allows 
the possibility of mixing the two types. 
Pyranol will attack some of the in- 
sulations used in transformers designed 
for 10-C oil, and the oil will limit 
the nonflammable properties of the 
Pyranol. Since the fluids are mutually 
soluble, separation is not practical and 
any mixed liquid must be discarded. 

A difference in color, however, per- 
mits immediate detection of any mix- 
ing. A light transmission curve for 
10-C oil shows maximum absorption 
at 390 millimicrons, at which wave- 
length Pyranol exhibits only slight 
absorption. Thus if a measured amount 
of light at 390 mp was passing 
through Pyranol insulating liquid and 
there was 10-C oil present, the light 
transmission would not be normal. 

The light transmission characteris- 
tics of the liquids are measured in 
the laboratory with colorimeters which 
consist basically of a source of light, 
some means of selecting a certain 
wavelength of light (such as a prism 
or filter), a sample container through 
which the light is passed, and a photo- 
electric cell to determine the amount 
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of light passing through the sample. 

The sample cell compartment of a 
Bausch & Lomb Spectronic 20 colori- 
meter was replaced with a pipeline 
adapter. Since this instrument is in- 
stalled in the bypass of the pipeline, 
it was also necessary to install a flow 
switch to insure continuous flow. The 
transformer drainage outlets are con- 
nected to a line (either the 10-C line 
or the Pyranol line) leading to the 
pump and then to the storage tanks. 
The bypass is the gate to the monitor- 
ing system: a portion of the draining 
liquid is pumped from the main line 
through the auxiliary pump, the flow 
switch, and into the colorimeter which 
continuously tests the liquid. 

In the case of Pyranol the output 
meter of the colorimeter is set at 100 
percent light transmission. If 10-C 
oil enters the light path, the percent 
transmission is greatly reduced. To 
detect this drop in transmission, a re- 
lay meter was installed in series with 
the output meter of the colorimeter. 
This meter makes contact at 100 per- 


A large knurled nut at the end of 
the piston of cylinder 1 permits accu- 
rate “zero adjust” of the print head on 
the board and makes it easy to correct 
for this kind of change in case the 
chain lengthens due to wear. The 
span will not change due to wear in 
the chain. The entire positioner has 
been designed for a minimum of 20 
million operations 


cent transmission, and a drop in trans- 
mission deenergizes the pump con- 
tactor to prevent contaminating the 
Pyranol storage. 

When monitoring 10-C oil the out- 
put of the colorimeter is set at 25 per- 
cent light transmission. If Pyranol 
enters the light path, the transmission 
increases. Thus, it was necessary to 
use a relay meter with both lower and 
upper contacts to make the instrument 
fail-safe. These contacts are set at 
15 and 35 percent transmission, re- 
spectively. Either a drop in trans- 
mission due to instrument failure or 
an increase in transmission due to 
presence of Pyranol deenergizes the 
pump contactor. 

In trial runs with known small 
amounts of contamination, the mix- 
ture was detected immediately with 
this system. Since the time of installa- 
tion there has been littie recurrence of 
inadvertent mixing, very likely due to 
the psychological effect of an auto- 
matic quality control “watch-dog” on 
operator efficiency. 











Colorimeter monitor is installed in bypass on line to storage tanks for insulating liquids 








2 NEW 
GENERAL-PURPOSE OSCILLOSCOPES 
introduce TEKTRONIX QUALITY to : 

DC-to-450 KC RANGE 


TYPE 503 


The Type 503 is a differential-input X-Y oscilloscope with the additional 
features—linear sweeps, dependable triggering, sweep magnifier, bright 
trace, amplitude calibrator—desirable for general-purpose applications. 


TYPE 303 OSCALOSCOPE 


AMPLITUDE CALIBRATOR 
500 mv and 5 mv peak-to-peak 
square-wave voltages are available 


FREQUENCY RESPONSE 
de to 450 kc 


VERTICAL AND HORIZONTAL 
AMPLIFIERS 
Differential input at all attenuator 
settings. 


from front panel 


3-KV ACCELERATING POTENTIAL 
5-inch Tektronix crt provides bright 
1 mv/cm to 20 v/cm in 14 trace, 2-cm by 10-cm viewing area 


calibrated steps. 





EASY TRIGGERING 


Continuously variable between steps, 


The Tektronix Type 503 and Type 504 are the first 
of a family of new oscilloscopes for the 
DC-to-450 KC application area. 


® Both feature high reliability, simple operation, 
light weight. 


® Each excels in performance characteristics in its class. 


® Both now established as production instruments. 


Prices 


oy 4) 
ey be) 


TYPE 503 
TYPE 504 


CAREER OPPORTUNITIES now exist at Tektronix in the 
following fields: Instrument design, Circuit design and 
engineering, Cathode ray tubes, Electron physics, Solid 
state and semi-conductor devices. For information write to 
Irving Smith, Personnel Director. 


Tektronix, Inc. 


P. O. Box 500 * Beaverton, Oregon 
Phone Mitchell 4-0161 * TWX—BEAV 311 * Cable: TEKTRONIX 
TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlonta, Go. » Baltimore (Towson, Md.) 
Ohio 


Denver, Colo. e Detroit (Lothrup Village, Mich.) ¢ Endicott (Endwell, N.Y.) ¢ Greensbor 
neopolis, Minn. « New York City Area (Albertson, L.1., N.Y. ¢ Stamford, Conn. « Union, N.J.) ¢ Orland 


and to approximately 50 v/cm 
uncalibrated 

Constant input impedance at all 
sensitivities (standard 10X probes 
can be used). 


Fully automatic, amplitude-level 
selection on rising or falling slope 
of signal, or free-run (recurrent) 
AC or DC coupling, internal 
external, or line 


SWEEP RANGE 
1 usec/cm to 5 sec/cm in 21 
calibrated steps. 
Sweep time adjustable between steps, 
and to approximately 12 sec/cm 


REGULATED POWER SUPPLIES 
All critical de voltages electronica 
regulated, plus regulated heater 
supplies for the input stages 


of both amplifiers 
uncalibrated 


SWEEP MAGNIFICATION SIZE AND WEIGHT 
X2, X5, X10, X20, and X50 134)” h, 934” w, 2112” d— 


Magnification approximately 29 Ibs. 


TYPE 504 


The Type 504 has the basic features desirable for most general-purpose 
applications — sensitive vertical amplifier, linear sweeps, easy trigger 
ing, amplitude calibrator. 

HORIZONTAL INPUT 


0.5 v/cm, with variable attenuator 


FREQUENCY RESPONSE 
de to 450 kc 


VERTICAL AMPLIFIER 
5 mv/cm to 20 v/cm in 12 
calibrated steps. 


3-KV ACCELERATING POTENTIAL 
5-inch Tektronix crt provides bright 


" - trace, 8-cm by 10-cm viewing crea 
Continuously variable between steps y ' 


and to approximately 50 v/cm 


seneliaiedl EASY TRIGGERING 


Fully automatic, amplitude-level 


Constant input impedance at all . .s 
selection on rising or falling slope 


sensitivities (standard 10X probe 
can be used) 


SWEEP RANGE 
1 wsec/cm to 0.5 sec/cm in 18 
calibrated steps. 
Sweep time adjustable between steps, 
and to approximately 1.2 sec/cm 
uncalibrated. 

AMPLITUDE CALIBRATOR 
500 mv and 25 mv peak-to-peak 
square-wave voltages cre available 
from front panel. 


of signal, or free-run (recurrent) 
AC or DC coupling, internal 
external, or line. 


REGULATED POWER SUPPLIES 
All critical de voltages electronically 
regulated, plus regulated heater 
supplies for the input stages of the 
vertical amplifier. 


SIZE AND WEIGHT 
1342” h, 934” w, 2112” d— 
approximately 29 Ibs 


Rack-mounting models will be available, of course! 


) @ Buffalo, N.Y. © Chicago (Park Ridge o Chavelend: Okie «| 
2s e Kansas City (Mission e East Los Angeles, Calif. « West Lo 


Pa. « Phoenix, (Scottsdale, Ariz.) « Son Diego, Calif. e Son Fra 


St. Petersburg, Fla. e Syracuse, N.Y. « T nto (Willowdale, Ont.) Canada e Washington, D.C. (Annandale, Vo.) 


TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electron Portlond, Oregon e Sea 


untries by qualified eng 


In Europe please write Tektronix Inc., Victoria Ave., St. Sainpsons, Guernsey C.1., for the address of the Tektronix Representative in your country. 
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IDEAS AT WORK 


Simple Logic Logs Lab Measurements 


JACQUES VIDAL 


University of Liege, Belgium 


Typical testing programs at the 
Thermodynamics Laboratory of Liege 
University call for recording of up to 
576 thermocouple, flux, and flowmeter 
readings at the rate of 1,200-1,800 
per hr. Simple logic circuits coupled 
to a standard indicating potentiometer 
and stepping switch scanners elimi- 
nate all manual recording and _ pro- 
vide a complete data printout for a 
nearby computer center. 

Much of the laboratory's work is 
evaluation for industry of thermal 
characteristics of radiators, heating 
panels, air conditioning units, curtain 
walls, structures, and building mate- 
rials. Practical evaluation calls for 
multipoint recording of the air tem- 
peratures and flows set up around the 
body- which is placed in a special; 
constructed test cell with calorimetric 
walls. Internal surface temperatures 
in the 20 x 14 x 14-ft cell are con- 
trolled in sections by circulating water 
through built-in aluminum radiating 
panels. Simulation of different ex- 
ternal conditions such as rain and 
snow is either by adjusting inner sur- 
face temperatures, or by replacing one 
of the cell walls with a real wall 
against which the conditions are sim- 
ulated. In changing over to auto- 
matic logging from former manual 
recording of each test point, budget 
limitations demanded the maximum 
use of already installed equipment 
such as multiposition thermocouple 
switches and Honeywell self-balancing 
microvolt potentiometer indicators. 

To use the Honeywell indicator 
with its unidirectional 0-1,100 micro- 
volt input for automatic measure- 
ments, modifications in the form of 
simple logic vircuits were added to 
provide automatic range changing on 
higher input voltages and polarity in- 
version to handle the bidirectional in- 
puts from flowmeters. 

Automatic range extension up to 
60 millivolts is obtained by a servo 
driving the two-decade precision re- 
sistance box provided with the indi- 
cator. Position contacts on the re- 
sistor box switches stop the servo only 
when switches are correctly located in 
one of their 10 discrete positions. An 
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[+] And circuit 


© Inversion circuit 


Trigger circuit 


AND circuits and trigger units provide automatic range changing and polarity 
inversion for standard microvolt indicator. Inverter circuit operating on Re 
signal (zero decade switch position) locks out servo on negative input signals 


additional contact R, closes when the 
switches are at their zero position. 
Two sets of conditions govern the 
servo’s rotational direction. For in- 
creasing range the servo must detect 
when the indicator is off scale at the 
top end of its dial, while off scale at 
the bottom end must reduce range. 
The second condition permits range 
changing only when an unbalance ex- 
ists in the self-balancing indicator, 
ensuring that signals just within the 
top and bottom limits of the indicator 
do not trigger the range servo. 

Two contacts L and H are fitted 
to the indicator dial itself, L being 
energized at the zero and H at the 
999-microvolt position. Unbalance de- 
tection is from additional relay circuits 
in the indicator providing a binary 
signal E at balance or E when out of 
balance. The diagram shows the logic 
schematic. Two AND circuits control 
a flip-flop governing the servomotor 
direction. Range is increased only 
when inputs H-E are present. Input 
R,-L-E to the second AND circuit 
reverses the motor direction; absence 
of R, signal when decade switches 
are at zero locks out range reduction. 

Polarity changing of the indicator 
input to accommodate negative in- 
puts from the flowmeter signals also 
uses the R, contacts on the decade 
box. Generation of signals R,-L-E sig- 
nifies the presence of a negative volt- 
age, as unbalance still occurs when the 
indicator pointer is at its zero position. 
These three inputs feed a third AND 
unit to operate a trigger circuit. Each 
successive input to the trigger actu- 


ates a special inverting relay reversing 
the indicator input connections to 
handle incoming negative emf’s. 

To incorporate previously installed 
25-position thermocouple _ selector 
switches in the new logging installa- 
tion, stepping motors fitted to the 
switch shafts provide sequential scan- 
ning of each position. The 576 test 
points are routed in groups of 24 to 
24 selector switches, each group being 
selected by a 25-position group se- 
lector stepping switch. Twenty-fifth 
position on both group and group 
selector switches maintains correct 
synchronization between the switches 
and memory circuits generating the 
test point addresses. To speed up the 
test sequence, jumper links allow un- 
used test points to be omitted. 

Connection of a new test point to 
the indicator unbalances the potenti- 
ometer circuit, and the unbalance 
voltage E inhibits all logging opera- 
tions until equilibrium is restored. 
Restoral to E at balance operates a 
one-shot trigger circuit that restores 
anode voltage to a thyratron decod- 
ing matrix and starts the print out of 
address and measurement. 

Besides local print out at the test 
center and an in-line indication of the 
address being scanned, the coded in- 
formation is fed direct via a 300- 
yard 24-pair cable to a tape perforator 
at the university’s Computation Cen- 
ter. The tape is read by the center’s 
IBM 650, programmed to group all 
measurements belonging to the same 
address and then to calculate their 
mean value, eliminating all points 
outside a certain statistical scatter. 
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using 
North 
E.lectric’s 


Workhorse 
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Expanded production facilities and increased effi- 
ciency in manufacturing methods have enabled 
North Electric to step up production of “E” relays 
to provide prompt delivery (at a new low cost, too) 
to an ever-growing list of steady customers. 


If you need a relay that incorporates the inherent 
proven dependability of a telephone-type relay with 
minimal spatial requirements, this “little workhorse” 
from North can be your answer! 


GENERAL CHARACTERISTICS: 
Light Weight (242 ozs.) 
Compact (Length 2%”; Width 1%”; Height 13%4” max. with 
10 springs in either pile-up) 
Long Life (over 100 million operations) 


SPECIFICATIONS: 
Coil Voltages: Up to 250V DC 
Contacts: Independent action twin contact springs 
Contact Materials: Palladium, Gold, Platinum 
Forms: A to C 
Speed: 3 ms. minimum 
Residual: Lock Screw (adjustable)—Fixed (nylon flap type) 
Time Delay: Available for both operate and release 
Coil: Single or Double wound 
Mountings: 2 #6-32 Screws on %” spacing 
Accessories: Dust Cover and Hold Down Bracket 


ELECTRONETICS DIVISION 


NORTH ELECTRIC COMPANY 


615 S. Market St., Galion, Ohio 
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IDEAS AT 


Digital Servo for Numerical Control 


Uses Unique Transducer 


The Bendix machine control unit 
receives complex information concern- 
ing the machining of a part as data 
on a punched plastic tape. Its output 
is a series of pulses representing incre- 
mental changes of position to be made 
on each of the three axes of the ma- 
chine tool. Figure 1 is a simplified 
schematic of the “digital” servosys- 
tem used on each uation axis, with 
the pulse train output from the ma- 
chine control unit as the input. In 
this pulse train each pulse represents 
a 0.002-in. plus or minus change in 
X-axis position. The axis feed rate 
is determined by the rate at which 
these pulses appear from the control 
unit and range from zero up to 240 in. 
per min, or 20,000 pulses per sec. 

Notice that a digital feedback signal 
from a digitizer geared to the X-axis 
lead screw is compared with the com- 
mand signal from the control unit 
output mixer in an error register to 
generate an input signal for the analog 
hydraulic servo which drives the lead 
screw. This digitizer is an electro- 
magnetic transducer (case 2.8 in. diam 
by 2.5 in.) that uses no brushes, slip 
rings, or commutators. 

Two discs with printed wiring form 
a variable transformer, with the sec- 
ondary of the transformer on the 
stator, Figure 2. The printed wiring 
on both the rotor and the stator has 
a square waveform (shown straight- 
ened out). The rotor pattern is ex- 
cited from a 1.6-Mc source,:and the 
stator pattern is energized inductively 
from the rotor across a few thou- 
sandths of an inch gap. The output 
from the stator depends on the cou- 
pling that exists between the two pat- 
terns due to their relative positions. 
When the pattern on the rotor lines 
up exactly with that on the stator (po- 
sition 1, Figure 2), maximum coupling 
exists and the output will be maxi- 
mum, When the rotor position shifts 
90 deg to position 2, the vertical lines 
of the stator pattern will lie between 
vertical exciting lines of the rotor pat- 
tern of opposite current flow, hence 
output approaches zero. In position 3, 
output is again maximum but 180 
deg out of phase with the reference. 

The printed patterns in the trans- 
ducer will produce 1,000 full cycles of 
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FIG. 1. Digital servo counts pulses from feedback digitizer 
with command pulses in a bidirectional counter (error reg 
ister). Binary resistor network is then used to convert error 
to analog signal for input to electrohydraulic servo. 





NEW BAILEY 
Multi-Pointer Gage 
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MILL FORCED 
PRESSURE DRAFT 


...Nas twice as many indicators 
...No taller than a telephone! 


Now the popular versatile Bailey Multi-Pointer Gage has 

been reduced in size to conserve control panel space—without 

loss of easy readability. 

Each new Multi-Pointer Gage Unit offers you these three 

choices to— 

1. Measure and indicate draft, pressure, differential pressure 
and level. 

2. Transmit above variables either pneumatically or elec- 
trically to remote indicators, recorders and /or controllers. 

3. Receive and indicate any measured variables which may 
be transmitted pneumatically by standard SAMA ranges 
of 3-15 psig. or 3-27 psig. 

FEATURES 


Compact Size—'T'wo large, easily-read 7” scales in space only 
4 inches wide. 


Wide Range Selection — Standard ranges from 0-0.5 in. H20 
to 0-5000 psig available. 


Choice of Standard Colors —Satin Black, Slate Gray, Moss 
Green, or Terra Tan may be selected as an exterior color at 
no additional cost. 

Colored Scales — Scales available in white, red, green, blue, 
yellow, or orange. 

Fluorescent Illumination — All gages have slideout unit con- 
taining bulb and starter for ease of maintenance. 


Readily Accessible Adjustments — Zero adjustment made 
from front of gage. Other adjustments made from rear of gage. 


Two-point Positive Mounting — Gage unit mounted with two 
clips . . . no holes to drill or studs to weld. 


Unlimited Indications — Any number of basic two-indicator 
units may be placed side-by-side to provide indications of 
related factors. Each two-indicator unit is separatel ymounted. 


For additional information, call your local Bailey District 


Office. or write us direct. G47-1 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD 


CLEVELAND 10, OHIO 


in Canada—Balley Meter Company Limited, Montreal 
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Stator 


Rotor 


Gap 


Stator shown dashed 


Rotor - position | 
Rotor - position 2 


Rotor- position 3 


this amplitude variation per revolu- 
tion. The transducer is geared to the 
lead screw to produce a single cycle 
for each 0.0002 in. The output of 
the stator is demodulated to produce 
a de signal varying with the amplitude 
of the stator sine wave. This de sig- 


FIG. 2, 

Relative positions of 

square wave patterns printed 
on rotor and stator 

of digitizer determine 
amplitude of output. 


nal is then used to trigger a flip-flop 
which generates a square-wave train 
of pulses in which each pulse repre- 
sents 0.0002 in. travel of the lead 
screw. These feedback pulses will 
then be counted, with opposite sign, 
with the command pulses in a bidirec- 


tional counter. The difference be- 
tween number of command pulses 
and number of feedback pulses is 
the servo error and is converted to 
an analog signal for the hydraulic 
servo. 

As shown in Figure 1 the digitizer 
actually has two outputs which are 
90 deg apart; that is, there are two 
patterns on the stator disc. The syn- 
chronizer block in Figure 1 does sev- 
eral things. First, it synchronizes the 
feedback pulses from the digitizer 
to be counted between the command 
pulses and thus prevents miscounting 
due to simultaneous arrival of pulses. 
It also contains logic to determine the 
direction of X-axis change from the 
sequence in which the two 90-deg 
phase signals from the digitizer go 
positive and negative with respect to 
the command pulses. 


Pop-Up Models Program Ingot Soaking 


L. N. BRAMLEY 
British Iron and Steel 
Research Association 


The soaking of cast steel ingots prior 
to rolling requires careful timing. Too 
long a soak in the heated pit wastes 
gas, and the consequent scale forma- 
tion loses ingot material. Insufficient 
soaking gives incorrect temperature 
distribution on the ingot which may 
cause damage during rolling. 

A simple simulation setup called 
the Ingot Master will be used to 
provide the soaking pit operator with 
a sequential display of ingots ready 
for drawing from the pit. Each soak- 
ing pit in the plant is represented by 
a cutout panel on the desk top con- 
taining 3-in. diam holes 3 in. deep 
laid out to simulate ingot configura- 
tion in the pit. One of these panels 
is shown in the diagram. At the base 
of each hole is a pushbutton. Ingots 
are represented by @-in. diam white 
plastic rods 3 in. long. As the actual 
ingot arrives in the soaking pit, the 
Ingot Master operator codes a plastic 
cylinder with identification symbols 
and inserts the simulated ingot into 
the appropriate pit location. The min- 
iature ingot sets the pushbutton at 
the base of the hole and rests flush 
with the desk top, indicating that the 
pit location is full and heating. 

The time for which the particular 
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ingot is to be heated depends on its 
initial condition. The operator sets 
the soaking time required on two time 
dials calibrated in hours and 1s hours. 
Operation of the timing switch and 
the base mounted pushbutton con- 
nects a master digital clock with out- 
put pulses every 6 min. 

When the preset time elapses, the 


final digital pulse releases the push 
button, and the ingot pops up 4 in. 
clear of the desk, indicating readiness 
for drawing, a illuminat- 
ing a sequential display showing the 
order of ingot withdrawal. 

While designed primarily for soak- 
ing pit operation, the same system 
is applicable to annealing furnaces. 





Plastic cylinders 
representing steel 
ingots pop up on 
soaking pit operator’s 
desk after preset 
soaking time. 
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Up-to-the-minute news about transistors 





NEW DRIVER TRANSISTORS 
SWEEPING THE FIELD 


Extra-versatile Bendix 
units beat high costs, 
design limitations 
over wide front 


Called the ‘“‘workhorse of the 
transistor industry,” the new 
Bendix* Driver Transistor series 
is winning the nod from more and 
more engineers daily. These men 
find it the answer to audio fre- 
quency and switching applications 
requiring extra performance with- 
out extra cost. 

Here is a special device for use 
where reliability, versatility, and 
low cost are primary requirements. 
The Bendix units combine higher 
voltage rating and high current 
gain with more linear current 
gain characteristics for low distor- 
tion and more efficient switching. 

They’re now in high production 
for rapid delivery in JEDEC TO-9 
packages. 

NEW BENDIX SEMICONDUCTOR 
CATALOG on our complete line of 
power transistors, power rectifiers, 
and driver transistors available 
on request. Write SEMICONDUCTOR 
PRODUCTS, BENDIX AVIATION COR- 
PORATION, LONG BRANCH, N. J. For ENGINEERS KNOW the new Bendix Driver Transistor line-up meets an unusually 
information about employment wide range of circuitry applications. Bendix Applications Engineering Department 
opportunities write personnel suggestions on circuitry problems are helpful, too. 
manager. *TRADEMARK 
































SEMICONDUCTOR PRODUCTS 
APPLICATION, PERFORMANCE DATA INDICATE BROAD USAGE Red Bank Division 


LONG BRANCH, N. J. 








MAXIMUM RATINGS TYPICAL OPERATION 
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T storage _ hfe | fab __Voe(Sat) 
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—20 —65 to +85 
—40 K 
—60 x y West Coast Sales Office: 


—15 117 E. Providencia Avenue, Burbank, California 
—40 


‘ ’ Midwest Sales Office: 
rimpetn “ee rere ‘ % 2N565 York Road, Elmhurst, Iillinois 


New England Sales Office: 
4 Lloyd Road, , Tewksbury, Massachusetts 
































ideal for such applications as: 
TRANSISTOR DRIVER e AUDIO AMPLIFIER (CLASS A OR B) Export Soles Office: Bendix International Division, 
POWER SUPPLY e SERVO CONTROL e AUDIO OSCILLATOR 205 E. 42nd Street, New York 17, New York 
MOTOR CONTROL e¢ RELAY DRIVER e¢ POWER SWITCH Canadian Affiliate: Computing Devices of Canada, Ltd., 
P. ©. Box 508, oo te 4, Ontario, Canada 
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NEW PRODUCTS 
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MAGNETIC ENCODER TECHNIQUE 
boosts input speed and life expectancy. 


Input shaft speeds to 10,000 rpm, operating lives in 
excess of 20,000 hours, increased reliability, and a wide 
temperature range are the chief advantages claimed for a 
new line of shaft position encoders. Originally developed 
for use in shipboard fire control systems, these units 
operate on a magnetic technique which has now been suc- 
cessfully applied to 7-, 13-, 17-, and 19-bit models. Photo at 
right shows a typical 7-bit model; insert illustrates its 
ultrasonically machined ferrite code disc with alternately) 
raised and flush segments in the coded pattern. 

Instead of brushes the magnetic encoder uses tiny fer- 
rite corcs to sense angular position of the driven disc and 
generate two-level voltage signals that can arbitrarily be 
designated as binary “zeros” and “ones”. Simplified 
sketches below photos show how its housing, field coil, Housing 
code disc, and one of its cores form a magnetic path at 
the reading line. The core is excited by an alternating 





Left: Flush disc 





: : : ‘ segment in gap 
voltage source, and the polarity of its field is opposite that 
of the fixed field. As the disc rotates, the magnetic induc- 


tion of the core is altered in accordance with the coded Housing 
pattern. When a flush segment of the code disc track passes 
the core, as in the left-hand sketch, the fixed field flux 
density drops, magnetic induction of the core increases, and 
the voltage drop across the core winding goes up, corre- 
sponding to a binary “one”. Coversely, when a raised Sine wave 
segment of the track shares the gap with the core, as in the generator 
right-hand sketch, opposition of the fields lowers the im- 
pedance of the core winding, and the output voltage then 
corresponds to a binary “zero.” 
Units can be supplied with a wide range of digital codes Binary ‘one’ 

including true binary, Gray, and binary coded decimal. Sine wave 
To eliminate the ambiguity problem, V-scan reading tech- generator 
niques are used with all binary coded patterns.—Librascope 
Div., General Precision Inc., Glendale, Calif. 

Circle No. 280 on reply card. 























Right: Raised 
disc segment 
-— 


in gap —" 


Binary ‘zero 





SILICON SENSORS hit the market. 


Pictured are three new photovoltaic silicon sensors now 
available in production quantities. Models include (from 
top to bottom) the LS-221, a null-sensing device consist- 
ing of two matched sensors mounted in a subminiature 
case and wired to indicate a null when an equal amount of 
light falls on each sensor; the LS-223, a vertical card read- 
ing type with metal case, built-in lens, and a 300-microamp 
output at 1,250 ft-candles; and the glass encased LS-222, 
a horizontal card reading type with a slightly lower out- 
put.—Texas Instruments Inc., Dallas, Tex. 
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N O Vy ... anew, powerful electronic system 


to automatically monitor and 


control your industrial processes 


“RCA 10 


INDUSTRIAL COMPUTER SYSTEM 


Designed by RCA for modern industrial 
control of all major industries, the RCA 
110 provides unprecedented capabilities 
for off-line and on-line data accumula- 
tion, and for real time automatic control 
of industrial systems. For applications as 
diversified as economic distribution and 
generation of electrical power for public 
utilities, systematic production control in 
the metal working industry, on-line con- 
trol of entire petrochemical plants, the 
RCA 110 is universally adept. 


The RCA 110 Industrial Computer Sys- 
tem offers efficient and highly advanced 
concepts of automated process control for 
maximum payout in modern industrial 
applications. The RCA 110 is also avail- 
able with instrumentation by the Foxboro 
Company. For detailed information, con- 
tact your local Foxboro representative or 
write to: Industrial Computer Systems, 
Electronic Data Processing Division, 
Radio Corporation of America, Camden 
2, New Jersey. 


The Most Trusted Name 
in Electronics 


RADIO CORPORATION OF AMERICA 


Nationwide RCA service organization gives unexcelled 
customer assistance to 110 Industrial Computer users. 
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NEW 


RCA 110 


INDUSTRIAL COMPUTER SYSTEM 





RCA, with the experience gained as a | 


major supplier of electronic data process- 
ing systems for business, originates a 
truly modern computer system for indus- 
try. Here are the features that bring you 
unlimited potential for 
trol progress. 


NO W virtually unlimited num- 


ber of analog or on-off inputs plus a 
wide variety of conventional input/ 
output equipment can be integrated 
with the computer for complete sys- 
tem flexibility 


NO We automatic program inter- 


rupt by which control points can ‘‘on 
demand” take over the computer for 
instantaneous handling of critical 
tolerances or safety factors 


NOW- computer logic accepts 


decimal or binary information; power- 
ful instruction code provides complete 
flexibility including automatic priority 
handling of control functions 


NO W- high speed computation, 


with fast random access core memory 
in combination with 3600 rpm mem- 
ory drums, results in highly effective 
overall system speed 


NO WW expansibility, in natural 


stages of process-control development, 
economically implemented by ‘“‘build- 
ing block”’ concept 


NO W- all transistor, printed cir- 


cuit construction assures highest reli- 
ability. Diagnostic routines for self- 
checking, during operation 


NO Ww easy maintenance with 


plug-in components and slide-out 
sub-assembly drawers. Serviceable 
during operation. Rugged, heavy- 
duty construction; cabinet may be 
pressurized. Does not require external 
air conditioning. 


The Most Trusted Name 


in Electronics 


RADIO CORPORATION OF AMERICA 


process con- | 


NEW PRODUCTS 


DATA HANDLING 
& DISPLAY 


SERVO-MOUNTING 


Designed for direct integration with 
Size 15 servo components, this Type 
18-1077 miniature analog-to-digital 
converter measures 1.437 in. in diam 
by 148 in. long. It requires 100 revo- 
lutions of its input shaft to complete 
its entire code from 0 to 999. Angu- 
lar bit length is 18 deg; accuracy is 
said to be within 4 bit at any point 
in the entire range. Maximum rated 
input speed is 400 rpm. Applications 
include fire control, navigation, and 
other airborne systems.—Courter Prod- 
ucts Div., Model Engineering and 
Manufacturing, Inc., Huntington, Ind. 
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MODULARIZED SERVOS 


A new method of assembling protoype 
and limited production servo indica- 
tors uses standard stock parts in a sim- 
plified, modular construction. The 
basic module is a gear box in which 
up to seven 0.0937-in. diam shafts 
are mounted in ball bearings. With 
Precision 2 stock gears, ratios of up to 
65,000 to 1 are obtainable. Standard 
plates permit mounting either Size 8 
or Size 10 rotating components on the 
component module. Another module, 
the dial section, also uses standard 
parts. Dial configurations to cus- 
tomer specs are photographically proc 
essed to give accuracies to 6 min of 
arc. Use of silicon diodes and tran- 
sistors and high temperature tantalum 
capacitors allows units to reach MIL- 


E-5272 environmental standards. — 
Servo Development Corp., Westbury, 
a 2 
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COMPACT TRANSLATOR 


The low cost TR-702 gives the reli- 
ability of a Gray code encoder alone 
with a parallel binary output with 
complement. A solid state translator, 
this device will translate up to 14 bits 
of Gray code to binary code, produc- 
ing the binary signal’s complement at 
the same time. The encoder output 
is filtered and clipped, eliminating 
errors due to brush bounce. Four 
units can fit in a standard 8} x 19-in. 
panel, each being 44 in. wide, 63 in. 
high, and 6} in. deep.—Datex Corp., 
Monrovia, Calif. 
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BOTH ANALOG AND PULSE 


A new video band recorder reproducer 
records analog and pulse signals even 
though its price is in the range of 
more standard instrumentation equip- 
ment, At all speeds (it has six: 74 
to 120 ips) the CM-100’s frequency 
response is twice that of similar equip- 
ment. It’s 1 Mc at 120 ips, 125 ke 
at 15 ips, for example. Bandwidth 
is 400 cycles to 1.0 Mc per track. The 
}-in., 7-track tape system is housed 
in one standard size rack.—Mincom 
Div., Minnesota Mining & Mfg. Co., 
Los Angeles, Calif. 
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FAST OPERATOR 


The 2003 computer, a new solid state, 
36-bit, parallel, stored program ma- 
chine designed for sophisticated com- 
puting, combines high reliability at 
moderate cost. Compared to machines 
of comparable cost, the 2003 operates 
much faster—10,000 operations per 
sec. Features include 4 plug-in in- 
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just set it— 
and forget it! 


the voltage of this ultra-high 
regulation power supply never varies 
regardless of load or line fluctuations! 


Now you can be assured of a constant voltage source over the entire 
operating range of 0 to 500 v, 0 to 200 ma, dc. Even if the load is 
varied — even if the line voltage fluctuates — you’re still sure of load 
ee to less than 0.001%, and line stabilization to less than 
0.003%! 


With this unusually high regulation over the entire range, the 
Model UHR-220 power supply lends itself to the most exacting appli- 
cations, such as powering many high-gain stages in parallel. Ripple 
is less than 0.1 millivolts. Both the ) and ac impedances are un- 
usually low — dc less than 0.01 ohms; ac less than 0.1 ohm up to 
100 kc. Drift in 10 hours — 300 ppm. 


So when you need a power supply you must depend on for constant 
voltage — a supply you can set and forget — investigate the UHR- 
220. The ultra-high regulation, extremely low ripple, and stability vs. 
line voltage free you to concentrate on the rest of your design work. 


Krohn-Hite ultra-high regulation power supplies offer a total range 
coverage of 0 to 1200 v, 0 to 1000 ma, dc. Other fine Krohn-Hite 
instruments include Amplifiers, Filters and Oscillators. Write for 
full information, 


KROHN-HITE CORPORATION 


580 Massachusetts Avenue * Cambridge 39, Mass. 


Pioneering in Quality Electronic Instruments 
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NEW PRODUCTS 


struction cards, each with a_ pro- 
grammed order; two 64-word magnetic 
core buffer systems; capability to trans- 
fer a 64word block on a single in- 
struction; and very low power require- 
ments. Memory is 4,096-word core.— 
Mechanical Div., General Mills, Min- 
neapolis, Minn. 
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PLUS. ... 


(287) Bowmar Instrument Corp., Fort 
Wayne, Ind., offers a new miniature 
elapsed time indicator that displays 
up to 999 hours in 4-in. numerals, 
making instant readings possible from 
up to 6 ft away. .. . (288) The RPC- 
9000 computer, a new electronic data 
processing system available from Royal 
Precision Corp., Port Chester, N. Y., 
will handle a wide range of data proc- 
essing needs and is priced at $120,000 
or rented at $2,450 a month. 

Circle No. 287 or 

288 on reply card 


RESEARCH, TEST 
& DEVELOPMENT 


MAGNIFIES TIME BY 100,000 


A new movie camera, shown above 
with camera and light controls and 
electronic flash lamp, developed by 
Dr. Albert T. Ellis of Cal Tech, 
stretches what takes place in one sec- 
ond to 28 hours. Now in production, 
the ultrahigh speed camera takes 
from 480 to 1,600,000 pictures per 
sec on 35 mm film. Effectively freez- 
ing motion for research investigations 
of high speed phenomena like arc 
discharges, explosive reactions, etc., 
the camera employs a combination of 
optical, electronic, and mechanical 
principles to achieve the speedy pho- 
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ANALOG 
COMPUTERS 


— Kew You Can Ube Tham. 


1" no secret that people who make 
analog computers spend a lot of 
time talking to each other. Pity the 
chap who’s trying to figure out how 
all this palaver applies to him. He’s 
in a semantic jungle. 


67, x EXPLORING 
fs THE JUNGLE 


First, let’s define what kind of com- 
puters we're talking about. At Donner, 
we're concerned with two types — 
general purpose and fixed purpose. 
Quickly, general purpose analog com- 
puters solve equations describing 
lumped parameter, dynamic systems 
expressed in linear or non-linear differ- 
ential equations, or transformed (La 
Place) equations. They are used to 
directly simulate systems described by 
these equations. They are also used to 
analyze sections of these systems. In 
other words, this type of computer 
gives you freedom and flexibility lim- 
ited only by your imagination. 


THE FIXED PURPOSE COMPUTER 


Actually, there’s not much difference 
between general purpose and fixed 
purpose computers. The point is that 
fixed purpose computers fit neatly into 
your system to do a specific job. You 
don’t have to worry about program- 
ming—that’s built in. All you do is turn 
the knobs. It may interest you to know 
that 80 to 90 per cent of analog com- 
puting equipment sold is fixed purpose. 
At Donner, fixed purpose gear is one 
of our big specialties. It comes in a 
wide variety of sizes. Typical of light- 
weight devices is the solid state “think” 
device developed by Donner for the 
Polaris missile which monitors flight 
performance. If, for example, in the 
initial portion of the flight, the missile 


MAY 1960 


does not achieve sufficient velocity by 
a predetermined time, the Donner sys- 
tem aborts the flight. The missile gets 
the go-ahead only as programmed. 
Another fixed purpose computer is the 
on-line wind tunnel data reduction 
computer recently built by Donner for 
the National Research Council of 
Canada. This computer receives, proc- 
esses, and analyzes signals from force 
transducers mounted on a scale model. 
Such coefficients as lift and drag are 
continuously and simultaneously 
studied. 


























COMPUTERS FOR ANALYSIS 
ARE OFTEN USED 


Fixed purpose analog computers are 
used in linear and non-linear program- 
ming. Here, they solve problems of 
gasoline blending, game theory, lo- 
gistics, military tactics, and operations 
research. 

Other fixed purpose analog computers 
are used to study spectral density and 
variation coefficients. The spectral 
density computer is used to make 
vibration, noise and system transmis- 
sibility studies. Statistical evaluation of 
non-continuous or discrete process can 
be performed with variation coefficient 
computers. In this application, 
achieved values are put in and average 
value, standard deviation, and vari- 
ation coefficient instantly computed 
out. 














COMPUTERS FOR INFORMATION 
CONTROL, SIGNAL CONDITIONING, 
AND PROCESSING 


Three other examples of fixed purpose 


analog computers in use are a missile 
tracking computer, signal conditioning 


computer, and process control com- 
puter. 

The missile tracking computer receives 
distance and angular displacement in- 
formation from tracking radars. From 
this information, the computer pro- 
vides a continuous plot of the missile’s 
position in cartesian coordinates. 


Signal conditioning computers modify 
frequency, phase or amplitude to re- 
store or control signal characteristics. 
They are used for hybrid computer 
links, preamplification of low level 
transducer signals, spectrum segmen- 
tation with active filters, or automatic 
control of dynamic range. 

Process control computers receive sig- 
nals from transducers, linearize the 
signals, compare them with set points 
both fixed and variable, and provide 
control signals with rate, reset, and 
proportional adjustments. 


LET'S 
HEAR 

FROM 
YOU 


Enough talk. We've given you a rough 
idea what Donner has done for other 
people. Let’s find out how this applies 
to you. Send us a brief description of 
your problem; a paragraph or two will 
do. We'll write back telling how Don- 
ner can help and send you a Tech Note 
if it applies. If writing’s a chore, our 
engineering rep will be happy to dis- 
cuss methods of solving your problem 
with Donner’s computer systems. Just 
contact us for his name. Either way, 
you'll get information that applies to 
your particular problem. Please address 
Dept. 21. 


p 0 {| nee SCIENTIFIC 
COMPANY 
CONCORD, 


CALIFORNIA 
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tography. — Benson-Lehner —_Corp., 
Santa Monica, Calif. 
Circle No. 289 on reply card 


eeeereeeeeeeeeeeee 


}/ 


, 
i 


100 : } 


. 


1 FR - | GAS DETECTOR 
Nt PRESSURE TRANS Vk Usable as a portable instrument with 


a probe-type element or as a fixed 

° indicator alarm, the new device shown 

interested mostly in the high end of a transducer’s rated range? + | above gives alarm when gas concen- 

; trations reach unsafe levels. For port- 

Wiancko’s P2-1253 concentrates on specific portions of range; e.g.,475to 550 psi. ; able use a built-in battery (with 

: charger) provides power. For station- 

+ ary use a 110-vac source can be used; 

ting the output in areas of no interest, and it increases the accuracy proportionally. —- vd detector element can be up to 

This unique application is made possible by the inherent advantages of the Wiancko —« lightweight ( ee) met ca ° 

x 8 in.) and has provision to store two 

spare detector elements for quick re- 

The high output permits direct coupling to airborne telemetry systems without :| Placement. Cost is $425.—Houston 
: Instrument Co., Houston, Tex. 
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It provides full 5 volts dc output for this portion of the range rather than dissipa- 


sensing element. 


amplification. In addition, this transducer offers exceptional resistance to 
acceleration and vibration, no friction effects, constant output impedance and 
continuous resolution. 


COMPARE THESE SPECIFICATIONS 





Operating range 
475 to 550 psi (others available) 


Output voltage 0 v to 5 v de (28 v de input) 


Accuracy: 
Linearity & 
Hysteresis Better than 0.15% of reading 
Temperature effects 
(0 to 165 F) Better than 0.5% of reading 


LOCATES INTERFACES 


Long lead lengths provided for the 
new A+ Thermophil instruments per- 
mit accurate measurements of liquid 
temperatures at depths to 1,000 ft. 
By measuring the temperature layers 
in stratifications of different liquids, 
the various strata can be pinpointed to 
maintain quality control and uniform- 
ity. ‘Temperature ranges from minus 
148 to plus 554 deg F are available. 
The Model 4416/4, with a range of 
plus 32 to 122 deg F, indicates sub- 


Vibration 30 g, 0 to 2000 cps 











Further information contained in EDS 699 & Product Bulletin 108A 


VV ILA NCK oS 


ENGINEERING COMPANY 
255 North Halstead Avenue * Pasadena, California 


Precision with lasting reliability 


| 
} 
| 
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For General Purpose 
DC Recording — Model 320 


For recording two variables 
simultaneously, the Model 320 
provides a versatile, 
transistorized amplifier for each 
input signal. The rugged 2- 
channel recorder assembly has 
heated stylus recording on 
two 50 mm wide rectangular 
coordinate channels, 4 
pushbutton chart speeds, and 
6 inches of visible chart. 

The Recorder can be placed 
vertically, horizontally 

or at a 20° angle. 


two channels 


keep an 
accurate 


graphic 
record 


OF RESEARCH, DESIGN, 
TEST DATA 


MODEL 320 SPECIFICATIONS 
Sensitivity: 0.5, 1, 2, 5, 10, 20 mv/mm and 
v/em 
Frequency Response: 3 db down at 125 cps, 
10 mm peak-to-peak 
Common Mode Voltage: +500 volts max. 
Common Mode Rejection: 140 db min. DC 
Calibration: 10 my internal +1% 
Output Connectors for each channel accept ex- 
ternal monitoring ‘scope or meter 
Price: $1495 


NEW SANBORN PORTABLE DIRECT WRITING RECORDERS 
FOR IN-PLANT, LABORATORY OR FIELD RECORDING 


Two models of this 21 lb. brief case 
size recorder are available — Model 301 
for AC strain gage recording, Model 299 
for general purpose DC recording. Both 
provide immediately visible, inkless 
traces by heated stylus on 40 division 
rectangular coordinate charts... 
frequency response to 100 eps... 5 and 
50 mm/sec chart speeds. . . approx. 

4 inches of record visible in top 

panel window. 


MODEL 299 SPECIFICATIONS 
Combines the dependability of transistors with 
the high input impedance of vacuum tubes for 
reliable broad-band DC recording. 

Sensitivity: 10, 20, 50, 100, 200, 500 mv/div 
and 1, 2, 5 and 10 v/div 


single channel 


MODEL 301 SPECIFICATIONS 
The amplifier section of the Model 301 is an all- 
transistorized carrier type with phase sensitive 
demodulator. The power supply and internal 
oscillator circuits are also transistorized. 
Sensitivity: 10 uv rms/div (from transducer) 
Attenuator Ratios: 2, 5, 10, 20, 50, 100, 200 
Carrier Frequency: 2400 cps internal 
Transducer Impedance: 100 ohms min. 
Calibration: 40 uv/volt of excitation 
Output Connector: for external monitoring 

"scope or meter 

Price: $750 


Input Resistance: 5 megohms balanced each 
side to ground 
Common Mode Voltage: «2.5 volts max. at 10 
mv/div sensitivity increasing to «500 volts 
max. at other sensitivities 
Common Mode Rejection: 50:1 most sensitive 
range 
Calibration: 0.2 volt internal +1% 
Output Connector: for external monitoring 
"scope or meter 
Price: Mode! 299 (with zero suppression) $700 
Mode! 299A (without zero suppression) 
$650 


All prices are F.0.B. Waltham, Mass., within continental U.S.A 
and are subject to change without notice 


Contact your Sanborn Sales-Engineering representative for complete information, or write 
the main office in Waltham. Sales-Engineering representatives are located in principal cities 
throughout the United States, Canada and foreign countries. 


SANBORN S@W COMPANY 


INDUSTRIAL DIVISION 
175 Wyman Street, Waltham 54, Mass. 
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pl ome J A’L-1 8 
CHOPPERS 
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Haye 


In portable d-c am- 
plifiers, the advan- 
tages of low level 
operation plus a 94 
cycle chopping rate 
are now available, 
using a 12, or 24 
volt battery as 
the chopper drive 
source. 


Write for 
Catalog 554 
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merged temperatures to within 0.25 
deg.—Atkins Technical, Inc., Cleve- 
land, Ohio. 

Circle No. 291 on reply card 
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PRODUCTION TEST STAND 


The Model 7530 test stand shown 
in use above is a precision shaft posi- 
tioning device. Used for production 
tests of resolvers, synchros, potentiom- 
eters, and other rotating electrome- 
chanical equipment, it is based on an 
optical coincidence reading system 
with plus or minus 2 sec of arc error, 
a rack and pinion gear for shaft posi- 
tioning, and an adaptor plate and 
coupling. —W. & L. E. Gurley, Troy, 
mM. 
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DIRECT ERROR READING 


Possibility of ambiguous readings, 
reading wrong range, or miscalculating 
deviation from an absolute value is 
eliminated in the new Model DVM- 
300 digital deviation ohmmeter that 
automatically measures resistance 
around a nominal value. The infor- 
mation is presented in digital form as 
a direct percentage of this value. The 
new meter reads plus or minus 5 per- 
cent of the total resistance with an 
absolute error of 0.01 percent.—Elec- 
tro Instruments, Inc., San Diego, 
Calif. 
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PRIMARY ELEMENTS 
& TRANSDUCERS 


PATENTED WIPER ARM 


The TI-P-MH Series potentiometer 
pressure transducers feature a new 
lightweight wiper arm which is elec- 
tromagnetically held in contact with 
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For Control Engineers Who Are Wearing Out Before Their Time 





FREEZING A MOLTEN WILL-O’-THE-WISP (to +%° at 2200°F) 


Pittsburgh Plate Glass Company freezes molten 
glass temperatures at 2200°F to within +14° as 
it extrudes fiber glass so fine that 1700 miles of it 
weigh but one pound! How? PPG has selected 
CPM-1 Temperature Controllers made by Hagan 
Chemicals & Controls, Inc. The Hagan systems 
(over 200 of them have been ordered) not only 
set a new order of uniformity for glass fiber 
diameters, but are virtually wear-proof. They 
achieve this doubly profitable result by use of 
static control elements: there are no moving 


entire system! An integral part of the CPM-1 
unit is a CONTROL Proportioning Reactor with six 
control windings. It receives a proportional sig- 
nal, a reset signal and a rate signal, and provides 
both current limiting and manual control. “Rug- 
ged and able to handle multiple signals, yes,” 
said Hagan engineers, “but what about sensitiv- 
ity?” When we showed them the proportioning 
reactor’s 2-milliampere windings, there were no 
more questions. However, we'll be happy to an- 
swer any you may have. 


parts, and only one vacuum tube device in the 


Figure 1. Hagan CPM-1 Temperature Controllers. Square Boxes are CONTROL Proportioning Reactors, 


ON YOUR BOBBIN, RESET, GO! 


HAGAN CPM! 
TEMPERATURE 
CONTROLLER 


Figure 2. Schematic Diagram of Fiber 
Glass Furnace Temperature Control. 


Fiber glass is pulled through a die in the bottom of a 
“bath tub” of molten glass at more than 8 miles per 
minute. It is wound on a bobbin, and when a “package” 
is completed, the operator has 15 seconds to change 
bobbins and restart the operation. There is as much as 
a 15° temperature upset in the system, yet when the 
winder restarts, the controller must reset the tempera- 
ture at 2200° within +14° in the allotted 15 seconds. The 
CONTROL reactor puts out 100 watts at 80 volts, sufficient 
power to drive the saturable reactor ahead of it, and is 
at the instant beck and call of rapid and minute changes 
in signal. The response of the overall Hagan system is 
better than 0.1 seconds at full output. When the first 
tests were run, accuracy of control was found to be even 
better than the +14° anticipated. Should you wish to 
learn more about these satisfactions with static control 
via our proportioning reactors, we'll be happy to answer 
your request for intimate details. 


STATIC CONTROL: (flexible and standard) 


The function CONTROL Proportioning Reactors play in 
a system (the Hagan Temperature Controller is a tell- 
ing example) is unique. The designer—for process con- 
trol, for machine tool control, for assembly line control, 
for almost any control—can feed a variety of input sig- 
nals into several isolated control windings in each pro- 
portioning reactor, and sum them to provide an ampli- 
fied control signal. The reactor’s figure of merit (ratio 


of volt-ampere amplification to time of response) is 
exceptional. It is as high as 1,500 for an N,?/R, of 1,800. 
Thus, there is both power and sensitivity for the de- 
signer who works with static control. Want to know who 
else among the nation’s leaders have joined production- 
smart Pittsburgh Plate Glass in the swing to static 
control? We'll be happy to tell you—and to help with your 
static control ideas. 


Se Ef Ly 


Reliability begins with CONTRO 
—__ em ° 


A DIVISION OF MAGNETICS INC. 


MAY 1960 


DEPT. CE-79, BUTLER, PENNSYLVANIA 
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the mandrel only during the readout 
period. ‘This eliminates much of the 
shock, vibration, and wear associated 
with heavier spring-loaded wipers. 
Characteristics: 
Pressure ranges: to 100 psia or psig 
Resistances: 5,000, 7,500, or 10,000 
ohms 
Linearity: within 0.75 percent 
Resolution: 0.3 percent 
Thermal response: under 0.02 per- 
cent/deg F 
Physical Sciences Corp., Pasadena, 
Calif, 
Circle No. 294 on reply card 





TWO DEG OF FREEDOM 


Designed to save weight and _ spacc 
without sacrificing accuracy and de 
pendability, this new miniature elec 


tric gyro is only 2 in. in diam and 


2.5 in. high. It weighs only 250 gm 
but is rugged, maintaining its accuracy 
under severe conditions. The two 
deg of freedom unit is said to have a 
maximum Scirsby drift of 1 deg pet 
min, with outer gimbal readout. 
Greenleaf Mfg. Co., Div. of Mandrel 
Industries, Inc., St. Louis, Mo. 
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PROXIMITY PICKUP 


W © S t r O Nn I C S , INC. | With energy source and detector com- 


here, fa pet keg r 
3605 McCART STREET ye FORT WORTH, TEXAS bined in a single unit just 24 in. long 


by 14 in. in diam, this new infrared 
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save time! save money! 
call your parts distributor for 


These important savings are yours when you order—from your Electronic Parts 
Distributor—P«B relays listed with Underwriters’ Laboratories, Inc. and Canadian 


Standards Association: 


SAVE TIME. You get fast, off-the-shelf delivery. Usually your order 
is shipped the day after it is received. And no waiting for U/L or CSA clearance 
. .. this has been done for you. Thus you get your project—and your product — 


off to a fast start! 


SAVE MONEY. You save the cost of getting relays listed with U/L 
or CSA ...and you need have no big investment in shelf inventory, either. 
Remember, you pay no premium over factory prices in quantities to 249. 


More than 40 different standard P&B relays in 450 different coil voltages and con- 
tact arrangements are available from the leading Electronic Part Distributors in 
your area. For special applications, call your nearest P&B sales engineer. 


AB Series 


U/L File £29244 \—__ CSA File 15734 


For appliance and general purpose operations 
requiring long life and quiet operation. Quick 
connect terminals. Screw terminal adapters 
also furnished with each relay. Contact 
orrangement: DPDT. Rated at 10 amps, 115 V., 
5 amps, 230 AC non-inductive by U/L and CSA. 


She, 
ABC Series to” 


oe 
U/L File £29244 Vy, > | / CSA File 15734 


Medium duty power relay in dust cover. For 
small motors, industrial controls and similar 
applications. Contact arrangement: DPDT. 
Rated at 10 amps, 115 V., 5 amps, 230 AC 
non-inductive by U/L and CSA. 


Small, low cost, general purpose relay for 
handling automation work, small motors, sole- end overload applicetions. 


noids, other relays. Contoct arr 


— 


en an 


Series 


Contact 
Arrangement* 
SPDT 


Contact 
Arrangement* 
SPST-NO 
SPDT-NO-DM 


Type 
PRSAY 
PR7 AY DPST-NO 
PRIIAY DPDT 
These relays ore available in any of the following operating 
voltages: 6, 12, 24, 115, 230 volts 50/60 cycles AC. 
Contacts are rated ot: 25 amps, 115/230 V. AC 1 phase. 
1 hp for 115/230 volt AC motors | phase. 


Type 


PRIAY 
PR3AY 


."*Read: NO normally open, NC normally closed, DB double 


break, DM double make. 


U/L File £22575 CSA File 15734 


KB Series 


U/L File £29244 CSA File 15734 
Compact latch relay ideal for memory work 
Operates on 
tory impulse to either coll. Contact 





SPDT, DPDT and 3PDT. Rated at 5 amps, at 
115 V., AC non-inductive by U/L ond CSA. 


Mf arrangements: 4PDT and 6PDT. Rated at 5 
amps ot 115 V., AC non-inductive by U/L 
ond CSA. 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO sd 
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ROBERTSHAW 
CONTROLS 


170 


ACRAGAGe 


“Mr. Controls” has a new member in his family . . . the 
Acragage line of solid front gages, recently acquired from 
International Register Company. 

This operation is now being transferred from Chicago to 
our Knoxville plant, where Acragage manufacturing and assem- 
bly will be resumed as quickly as humanly possible. 

Here at Robertshaw we'll naturally maintain the same 
high standards of accuracy, safety and dependability that have 


made Acragage one of the strongest names in the field of pres- 
sure, vacuum, compound and test gages. 


Get the full facts on Acragage—the safety-first gage with 
solid front and blowout disc as standard features at no extra 
cost. Write for Bulletin 761. Fulton Sylphon Division, Robert- 
shaw-Fulton Controls Co., Knoxville 1, Tennessee. 
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NEW PRODUCTS 


photoelectric scanner, Type SA-IR, 
responds to both metallic and non- 
metallic objects and is well suited for 
a wide variety of counting and control 
operations. It will sense objects or 
control areas at distances up to 2 in. 
When operated at 5 vac, its IR source 
has a rated life of 60,000 hr. List 
priced at $29, it features a four-prong 
base for plug-in connection to its con- 
trol circuit.—Farmer Electric Products 
Co., Inc., Newton Lower Falls, Mass. 

Circle No. 296 on reply card 


BALL INDICATES LOW FLOWS 


The simple ball-type indicator shown 
above provides reliable indication at a 
glance of where flow is taking place. 
Flow causes the ball to “dance” in the 
toughened glass dome; when the flow 
stops, the ball drops out of sight. In- 
dication is possible at a distance, even 
in poor light. The Arkon indicator 
is made in 4-in. pipe size for pressures 
up to 100 psi. Applications include 
air, steam, water, and oil purge lines 
to instruments and mechanical seals; 
cooling water lines to compressors, lab 
equipment, etc.; and lubricating oil 
lines to bearings McIntosh Equip- 
ment Corp., New York, N. Y. 

Circle No. 297 on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


SELF-CLEANING CONTACTS 


Capable of operating directly in the 
plate circuit of a vacuum tube, a new 
6-pole, double throw relay uses a 
unique wedge action that_burnishes 
all contacts during each operating 
cycle. The relay’s coil operates from 
150-200 volts drawing 10-12 ma. Tem- 
perature range is minus 65 to plus 
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125 deg C. Ina hermetically sealed, 
dry nitrogen filled enclosure the relay 
has no bounce and will withstand 30g 
vibration to 2,000 cps and 100g shock. 
—Pacific Scientific Co., Bell Gardens, 
Calif. 
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MAINTAINS STABLE OUTPUT 


Suitable for a variety of military and 
industrial reference pressure applica- 
tions, this 74-oz Type 415830 pres- 
sure regulator features all stainless 
steel construction and metal-to-metal 
seals throughout. Its regulated out- 
put, adjustable from 2 to 17 psia, is 
held within 0.1 percent at tempera- 
tures ranging from minus 65 to plus 
600 deg F. Unaffected by tempera- 
tures as high as 1,000 deg F, the 
basic unit can be adapted to cover a 
100-psia_ range.—Gladden Products 
Corp., Glendale, Calif. 
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WITHSTANDS ALL 


Using the discovery of Reed Research, 
Inc. that magnetic flux could be con- 
ducted along a magnetic path—even 
through a solid “wall”—and the con- 
clusion that flux could thus be used 
as a substitute for mechanical linkage, 
the new FluxLink switches now on 
the market provide fail-proof switch- 
ing in virtually any environment. Just 
é in. long by 3 in. in diam, the devices 
will operate from minus 65 to plus 
900 deg F, handling 0.15 amps at 125 
vac. In operation, flux is “piped” 
through a solid metal barrier into a 
sealed chamber containing the con- 
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D-C AMPLIFIER EVALUATION  cumber | in a series 


AMPLIFIER NOISE 


ccuracy is the basic objective 

in amplifier selection. When 
evaluating amplifiers for specific 
applications all errors must be con- 
sidered. One such error, the noise 
level, determines the ultimate ac- 
curacy of the amplifier since the 
smallest observable signal cannot be 
less than the noise level. However, 
noise outside the frequency response 
range of the amplifier load can be 
filtered out or ignored with such 
read-out devices as galvanometer 
oscillographs. 


Noise in an amplifier is any volt- 
age component appearing at the out- 
put that has no counterpart in the 
input signal. Usually only the a-c 
component of the output is termed 
noise. The d-c component is called 
zero drift and its evaluation will be 
covered in another of this series. 


Internally generated a-c compo- 
nents must be evaluated as to ampli- 
tude and frequency range. Noise 
may be divided into two general 
classes and measured as described 
below. (a) Random voltages of a 
broad band nature arising from 
thermal agitation in resistors and 
random tube or transistor noise . . . 


| measurements on a_ peak-to-peak 


basis are often 10 times or more 
larger than the measured rms value 


| over the same frequency band. 


(b) Narrow band voltages induced 
within the amplifier by line voltage 
or chopper excitation . . . these volt- 
ages are generally sinusoidal so that 
peak-to-peak values are only about 
2.8 times larger than the measured 
rms values. 


Testing amplifiers for noise 


If the input signal is zero, any 


| voltage components detected at the 


























amplifier output can be identified as 
noise. A standard technique for 
measuring noise is shown. 


The oscilloscope measures the 
peak-to-peak values, the VTVM in 
rms values. Equivalent input noise 
(eq. in) is the measured noise 
divided by the amplifier gain. For 
details write for Bulletin BE AN121. 


Noise less than 0.03% 


With a full scale input range of 
30 mv, Honeywell’s AccuData II 
Amplifier has a wide band (0-100 
KC) noise specification of 8 pv 
(eq. in) and a peak-to-peak noise 
over a 0-10 cps band of 8 »»v (eq. in) 
... less than 0.03% of full scale! 


The AccuData II, a wide band 
differential input d-c amplifier with 
all transistor design, is especially 
useful for driving analog-to-digital 
converters, f-m magnetic tape sys- 
tems and high speed oscillographs 
where low level signals such as ther- 
mocouple, strain gage and similar 
transducer outputs are to be accu- 
rately measured. Write for Bulletin 
BS DISA-1000 to Minneapolis- 
Honeywell, Boston Division, Dept. 
84, 40 Life Street, Boston 35, Mass. 


Honeywell 


‘ees 
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THE CALCULATOR | | s#w rroovers 
THAT EXTRACTS 
SQUARE ROOT 
AUTOMATICALLY! 


lh 


1. On the keyboard, enter the 
figure from which the root is 
to be taken. 


2. Touch the square root key 
apne to position of 
radicand’s decimal point. 


3. Automatically, the square 
root will appear in the dials. 
Time required: just seconds. 


rare ap 
— 2 36 


re I+ 


Meet Friden’s SRW —the Thinking Machine 
of American Business. It’s a complete desk 
calculator in every way. But it also extracts 
square root automatically at the touch of a 


single key. And it’s the only calculator that can! 


If you now waste valuable productive time 
extracting square root by old-fashioned 
methods, put in an SRW and watch it pay 
for itself. Call your Friden Man or write to 
Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: 
Automation so hand-in-hand with practicality 
there can be no other word for it. 


© 1960 rriven, inc. 


Kriden 


FRIDEN, INC., SALES, INSTRUCTION, SERVICE 
THROUGHOUT THE U.S. AND THE WORLD. 
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tacts. ‘The flux becomes the snap 
action that operates the contacts.— 
Space Components, Inc., Washington, 
to 

Circle No. 300 on reply card 


PLUS. .. 


(301) A transistorized level control 
probe for high and low level detection 
of liquids and granular solids and 
liquid interface detection is available 
from Instruments, Inc., Tulsa, Okla. 
. (302) Now in production by the 
Auto-Timer Diy. of the Sloan Co., 
Sun Valley, Calif., is a l-cu in. sub- 
miniature timer with a time delay 
range up to 60 sec... .(303) Ina 
completely encapsulated unit two in- 
dependent switching actions and a 
potentiometer are provided in a new 
device announced by Clarostat Mfg. 
Co., Inc., Dover, N. H. 
Circle No. 301, 302, 
or 303 on reply card 


POWER SUPPLIES 


FOUR-CHANNEL POWER 


Originally developed to supply cur- 
rent to the focusing coils of a klystron, 
this new four-channel power supply 
can be used as a reference in rotating 
systems, cyclotrons, large magnetic 
systems, or wherever a highly regu- 
lated current supply is needed. ‘The 
transistorized unit operates from a 
208-volt, 3-phase, 400-cycle input. 
Outputs with less than 1 percent 
ripple and regulation to better that 
plus or minus 0.5 percent are in these 
ranges: 1.1-1.2 amps at 16.5-33.8 
watts, 3-6 amps at 16.2-216 watts, 6-9 
amps at 65-292 watts, and 3-5 amps 
at 27-135 watts.—Industrial Products 
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| AMPEX 


The Ampex FR-600 records the same band- 
width at half the tape speed previously required. 
It’s the first Ampex laboratory-type instrumen- 
tation recorder to offer all solid-state elec- 
tronics. Frequencies as high as 250 ke can be 
handled (at a tape speed of 60 ips). FM, pulse- 
duration modulation, direct and digital re- 
cording modes are available through plug-in 
amplifier modules. FM response from d-c to 
20 ke within % db is double that previously 
available. The FR-600 is already handling data 
recording in the new Minuteman missile project. 

With reliability the keyword, the choice of 
components for the FR-600 had to be an ex- 
acting one. Tung-Sol germanium power and 
switching transistors were specified for several 
major assignments. Tung-Sol’s high stability 
2N379 transistors deliver reliable power to the 
motor drive amplifier, the FR-600 control unit, 
and each bay power supply of the recorder. 


®TUNG-SOL —== 











specifies Tung-Sol transistors 
for FR-600 analog tape recorder 


Tung-Sol’s precision 2N414 germanium switch- 
ing transistors handie important switching func- 
tions in the direct record amplifier, direct 
reproduce amplifier, FM record, FM reproduce, 
pre-amplifier and frequency standard. 

More and more are Tung-Sol components 
assuming critical tasks in modern electronics 
where long-life reliability is paramount. 
Whether in industrial, military or commercial 
applications, there’s a Tung-Sol tube or semi- 
conductor for virtually every need. Every com- 
ponent is the product of production processes 
and quality control that have made Tung-Sol 
the name synonymous with the finest com- 
ponentry. Tung-Sol Electric Inc., Newark 4, 
N. J. TWX:NK193 


Technical assistance is available through the following sales 
offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; 
ee Texas; Denver, Colo.; Detroit, Mich. ; Irvington, 

Melrose Park, Ill.; Newark, N J.; Philadelphia, Pa.; 
Scainie, Wash. Canada: T oronto, Ontario. 
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with easy-to-use EAGLE 
CYCL-FLEX reset timers 


A highly accurate and dependable easy-to-use timer, de- 
signed for mounting in control panels. Sealed dial protects 
timer when exposed to oil and dust conditions. Timer 
,switches control four load circuits. Interlocking contacts 
are provided without the use of auxiliary relays. Synchronous 


motor drive insures accurate timing. 


WRITE for descriptive Bulletin 120. Address Dept. 
CE-560 


EAGLE HAS 24 TYPES TIME-COUNT CONTROLS 


Multi-Circuit 
Timers 


Dial Timers and 
Counters 


Cam Timers Step Switch 


s'On 
a’ 


” SIGNAL COMPANY 
- ‘ MOLINE, ILLINOIS 


REPRESENTATIVES IN PRINCIPAL CITIES 
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| NEW PRODUCTS 


Div., International Telephone & Tele- 
graph Corp., San Fernando, Calif. 
Circle No. 304 on reply card 


INCLUDES THE VALVES 


New addition to the CircuitPak line 
of preengineered and packaged hy- 
draulic power units, this particular 
model consists of a 10-gal reservoir, 
electric motor (1, 14, or 2 hp), and 
from one to four solenoid-controlled, 
four-way directional valves. Pumps 
with capacities of 1, 14, and 3 gpm 
are available. To provide automatic 
unloading, valves are mounted in 
series. Unit has no external piping 
and is equipped with a built-in relief 
valve for system protection. Built- 
in water-oil heat exchanger is 
optional.—Double A Products Co., 
Manchester, Mich. 


Circle No. 305 on reply card 


PROGRAMMABLE POWER 


A multistep range selector and con- 
tinuous vernier control permit “pro- 
gramming” this new series of constant 
current sources for applications like 
semiconductor diode testing, transistor 
production testing, and gyro compen- 
sation, among others. Voltage com- 
pliance ranges from 100 volts at max- 
imum current to as high as 260 volts 
in one model.—Electronic Measure- 
ments Co., Inc., Eatontown, N. J. 


Circle No. 306 on reply card 
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ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


REDESIGNED ACTUATOR 


A new motorized actuator for relief 
valve and pump control applications, 
the P/N11101 will control and modu- 
late up to 5,000 psi hydraulic pressure 
with only 15 watts electrical input 
power. Features of the new design in- 
clude: spline drive from the motor 
through to the rotating plunger, an 
open “C” frame limit switch housing, 
an anti-backlash adjustment, and im- 
proved wire routing. Limit switches 
may be set for full open and closed 
positions or for any two preselected 
pressures. Standard unit operates on 
28 vdc.—United Control Systems, Inc., 
Dayton, Ohio. 
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HAS HIGH RESPONSE 


Intended for industrial applications 
requiring rapid starts, stops, and re- 
versals, this new line of high response 
de servomotors is available in sizes 
from + through 1 hp. 
Characteristics: 

Reversal time: 0.28 sec (from +3900 
to —3900 rpm) 
Speed range: up to 400 to 1 
Weight: 47 Ib 
Overall length: 1143 in 
—Reliance Electric & Engineering Co., 
Cleveland, Ohio. 
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MAX IN MIN 


Shown above is one of new series of 
midget air cylinders that are designed 
to supply maximum power in mini- 
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Let’s look 
at the facts 
about 

load cells 


fact 1: 


fact 2: 


fact 3: 


fact 4: 





When you buy load cells, you want the features 
you need at a reasonable price... and you don’t 
want features you don’t need at an unreasonable 
price. 


To get what you want, you must be able to choose 
standard cells when they are suitable, or to get 
custom-built cells that match your specifie re- 
quirements. The Budd Company can serve you in 
both these ways with Tatnall load cells. 


Standard Tatnall cells are becoming increasingly 
available in popular models for most applications. 
Designed and constructed with the skill bred of 
long, specialized experience, they offer you unsur- 
passed standard cell performance and value. 


Tatnall ‘“Function-Fitted” load cells are custom- 
built to specific user requirements . . . delivered to 
match user schedules. You specify accuracy, size, 
encasement, temperature compensation, corrosion 
resistance and other design, construction and per- 
formance factors. You get ample, dependable per- 
formance combined with high economy, because 
you pay only for what you need. 


We invite you to call or write for technical assist- 
ance in selecting and applying Tatnall load cells. 


INSTRUMENTS DIVISION 


P.O.Box 245 « Phoenixville, Pa. 
1515 No. Harlem Ave. 

Oak Park, Ill. 

3050 EB. 11th St. 

Los Angeles 23, Calif. 

Merchant's Exchange Bidg. Room 316 
465 California St., San Francisco, Calif. 
In Canada: 

Tatnall Measuring and Nuclear 
Systems, Ltd. 

46 Hollinger Road, Toronto 16, Ont. 


[4 COMPANY 
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Now Check these Proofs of Reliability... 
12,000-hour life tests... 
long term in-circuit performance... 
RCA- 2N404 Tags 








Variation in hee during 12,000 hours storage life test at 85°C 


Maximum 


The transistor that helped build an industry 
.. designed, built and introduced by RCA... 
chosen by top manufacturers for the finest 
computers...the RCA-2N404 has set new stand- me Vs on 

ards of reliability for transistorized computers Time—Thousands of Hours 
Outstanding new achievements of operating reliability, long life, REA eT eno 
and stability are being made by the RCA-2N404 germanium 
p-n-p medium-speed switching transistor. Stringent long-term 
life tests and dynamic in-circuit performance checks, both at 
maximum ratings, provide additional proof of the bedrock re- 
liability of the RCA-2N404, 


Median 


Minimum 


OC Current Transfer Ratio (Nye) 


Maximum 
Here are the results: 

(1) Representative samples of the RCA-2N404 computer tran- 
sistor have now passed 12,000 hours of operating life at maxi- 
mum ratings. The curves at the right show the remarkable 
stability of transistor parameters over this exceptional time 
period. Variation in lego during a 35-mw life test at 55°C 


Median 


Collector Cutof Current (I-9.) 


Minimum 


4 5 6 7 
Time — Thousands of Hours 


(2) Samples from every lot of RCA-2N404 transistors are 
tested at maximum ratings for 1,000 hours. During 1959, al- 
most 6,000,000 transistor test-hours at 85°C junction tempera- 
ture were logged. 

Why not call your RCA Field Representative today for the 
full story on the RCA-2N404 and the RCA-2N404 designed to 
meet military specification MIL-T-19500/20 USAF. For tech- 8 Minimum 
nical information write RCA Commercial Engineering, Section 

E-56-NN, Somerville, N.J. 4 7 


Time—Thousands of Hours 


RADIO CORPORATION OF AMERICA 


SEMICONDUCTOR AND MATERIALS DIVISION SOMERVILLE, N. J. 


Maximum 


®) 
ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS 


East: 744 Broad St., Newark, N. J., HUmboldt 5-3900 + Northeast: 64 “A” St., Needham Heights 94, Mass., Hilicrest 4-7200 » East Central: 714 New Center Bidg., Detroit 2, Mich., 
TRinity 5-5600 * Central: Suite 1154, Merchandise Mart Plaza, Chicago, lll., WHitehall 442900 » West: 6355 East Washington Bivd., Los Angeles, Calif., Raymond 3-8361 * Southwest: 
7905 Empire Freeway, Dallas 7, Texas, Fleetwood 7-8167 * Gov't: 224 N. Wilkinson Street, Dayton, Ohio, BAldwin 6-2366; 1625 “K” Street, N.W., Washington, D.C., District 7-1260 


AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 





for 

COMPUTER TRANSISTORS 
SILICON RECTIFIERS 
SEMICONDUCTOR DIODES 


“STOP” 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 


Rectifiers, and all RCA Semiconductors | 


for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 


“Fast delivery from local stock 

“Prompt delivery of the latest RCA 
types for your evaluation 

“Orders filled from factory-fresh 
stock 

“Up-to-date, practical product infor- 
mation 

“Valuable RCA technical assistance 
when you need it 

““One-stop” service on your orders 

“Specialists who understand your 
problems and your electronic needs. 

Remember, when you want fast delivery, 

reliable service, always check first with 

your local RCA Semiconductor Distrib- 

utor. For the name and address of your 

nearest RCA Semiconductor Distribu- 

tor, write RCA, Distributor Products 

Sales, Harrison, N. J. 
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| NEW PRODUCTS 


mum space. Units are double acting 
with 1 in. bores, are suitable for up to 
125-psig pressures. ‘The six models in 
the series have strokes of 1, 2, 3, 6, 9, 
and 12 in. Lengths range from 448 for 
the lin. stroke model to 1548 for 
the 12-in. type.—A. Schrader’s Son, 
Div. of Scovill Mfg. Co., Inc., Brook- 
lyn, N. Y. 
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HANDLE LOADS TO 25 LB-IN. 


Photo above shows one of several con- 
figurations in a new series of electro- 





mechanical rotary actuators featuring 
compact design, light weight, and 


| high reliability. Units measure 1} x 
| 24 x 2 


in., weigh approximately 12 
oz, and contain up to six internal 
limit switches adjustable for travels 
from 10 deg to 100 revolutions. 

| Powered by 26-volt dec motors or by 

| 115-volt, 400-cycle, ac motors, these 
miniature actuators can operate with 
loads up to 25 Ib-in.—Nash Controls, 
Inc., Newark, N.J. 
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_ WIDE LINEAR RANGE 


Designed to overcome the disadvan- 
| tages of needle valves in low flow ap- 
plications, this Model F4 Micro- 
meter Flow Control Valve provides 
| a linear 10-fold increase in flow rate, 
| from 10 to 100 ce per min, through 


15 complete turns. Beyond this linear 
range, nine more turns increases the 
flow to 1150 cc per min. Since rate 
of flow is based on the length of the 
flow passage rather than its area, 
the possibility of clogging at low flows 
is greatly reduced. Valve may be used 
wherever needle valves have been 
used and is particularly suited for use 
as a variable damping passage in elec- 
trohydraulic servosystems.—Sanders 
Associates, Inc., Nashua, N.H. 
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COMPONENT 
PARTS 


SIZE 11 MOTOR 


Although designed principally for use 
in ground support equipment and de- 
vices used to test accelerometer func- 
tions, this R172 Size 11 synchronous 
motor should find wide use wherever 
constant speed is required despite line 
or load voltage variations. Unit is 
available with either plain or pinion 
shaft. 
Characteristics: 

Operating voltage: 26 volts 
Synchronous speed: 8,000 rpm 
Frequency: 400 cps 
Power required: 3.4 watts 
Power factor: 0.38 
Stall torque: 0.30 oz-in. 
—Kearfott Div., General 
Inc., Little Falls, N. J. 
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Precision, 


DESIGNED FOR THE MILITARY 


'hree new silicon power rectifiers, the 
1IN1614, 1N1615, and 1N1616, have 
been designed specifically to meet the 
requirements _ of MIL-E-1/1240, 
1/1241, and 1/1242. Featuring a high 
reverse voltage characteristic ranging 
from 200 to 600 vdc, these rectifiers 
will operate at temperatures as high as 
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Storage at 
Less than 
1¥2¢ per bit! 
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with the 
BRYANT Model 7508 
Magnetic 


Storage Drum 


Bryant's new Model 7508 Magnetic 
Storage Drum offers you aconvenient size 
memory at extremely low cost-per-bit. 
(Less than 1.5 cents per bit.) 

This compact and efficient 7.5” diam- 
eter by 8”-long drum is enclosed in its 
own dust-tight cabinet. Complete with 
connectors and isolator mounts. Overall 
dimensions are 14” diameter by 16” high. 


Standard Operating Parameters 
include: 
Bit Repetition Rate (Return to Bias): 
Over 300 KC - Bit Repetition Rate (Non- 
Return to Bias): Over 600 KC e RPM: 900 
to 6,000 « Number of Tracks: 250 « Bit Ca- 
pacity: 460, 800 « Bits-Per-Track: 3072 e 
Design Life (at 6,000 RPM): Over 3 years 
e Guaranteed Runout: Less than .0001” 
TIR« Military Specifications: Compatible 
with MIL-E-4158A and MIL-E-16400B. 
For more information about the Model 
7508 and other Bryant Standard Mag- 
netic Storage Devices, from 7500 to 
75,000,000 Bits, write to Bryant Com- 
puter Products Division, P.O. Box 
620, Springfield, Vermont. 
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| NEW PRODUCTS 


150 deg C with a reverse current of 
only 1 ma. At 10 amps, forward volt- 
age drop is just 1.5 vde. Case dimen- 
sions are set up to conform to the 
JEDEC DO-4 configuration. — Red 
Bank Div., Bendix Aviation Corp., 
Long Branch, N. J. 
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VIBRATION NO PROBLEM 


This Model 207G germanium tran- 
sistor amplifier weighs just 0.6 oz and 
has a total volume of less than 0.4 
cu in. Designed for moderate tem- 
perature applications, the unit will 
withstand 400 g’s at 25 kcps without 
microphonic noise. Its open-loop gain 
exceeds 40 db; closed-loop gain is 
between 10 and 26 db. Built-in cur- 
rent limiting devices make “runaway” 
impossible. Short circuiting the out- 
put or reversing the power supply can- 
not damage the unit. Price is $89.— 
‘Taber Instrument Corp., North ‘Tona- 
wanda, N. Y. 
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ACCESSORIES 
& MATERIALS 


HOT SPOTS 


The Button-Heater shown above is 
only 3 in. in diam and 0.15 in. thick, 
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Continuous operation— 
a Teletype equipment tradition 


All Teletype equipment. . . like the tape punches being 
final-tested above . . . are subjected to a rigorous quality-control 
program to insure that the units will give continuous, day-in, 
day-out performance in your service. Such performance is 
a Teletype tradition, established during more than fifty years 
of manufacturing data communications equipment. 

To maintain this performance tradition requires much more 
than testing, however rigorous. It begins with the very 
design of the units themselves—the product of extensive research 
and development facilities, backed by cumulative experience. 
And it involves precision manufacture—employing the 
latest technological advances, from highly specialized machine 
tools and automated processes to electronic measuring 
and sensing devices. 


When you select Teletype equipment to speed your 
communications and cut your paperwork costs, you can be sure 
of built-in quality. Teletype Corporation manufactures this 
equipment for the Bell System and others who require the 
utmost reliability from their data communications systems. 


Typing Tape Punch Tape Reader 


Send-Receive Page Printer Automatic Send-Receive Set 


FREE Model 28 line folder. Write Dept. 268, 
4100 Fullerton Avenue., Chicago 39, Illinois 


TELETYPE 


CORPORATION 


sussiniany of Western Electric Company we. 
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DESIGN NOTES on 


Control by Rotary Switches 


(No. 1 of a series) 


The multi-pole, multi-circuit, rotary switch is one of the most 
versatile devices for control of electric circuits yet it is not as widely 
used as it should be, because many designers are not familiar 
with its construction and application. 


In these Design Notes, the operating principle and the structural 
features of rotary switches will be discussed in relation to a wide 


variety of controls 


some simple, some complex, some light- 


duty, some heavy-duty, and some that defy classification. 


age 
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Exploded view of ESCO Type JR — a typical rotary switch. 


The type of switch we are talking 
about does not fit into any clearly 
defined category. It is called a 
rotary switch because its moving 
parts rotate on a shaft so that the 
switch can be operated by turning 
a knob, handle, or hand-wheel 
either manually or by a motor, 
solenoid, or other form of power 
drive. Altho the term rotary 
switch is sometimes loosely used to 
mean any switch that can be oper- 
ated by turning a shaft (as in the 
case of a switch having cams that 
open and close contact circuits), 
there are important differences that 
put the true rotary switch in a class 
by itself for many applications. 


Basic Structure of Rotary Switch 

The first characteristic to be con- 
sidered is the physical arrangement 
of the contacts. In the rotary 
switch, stationary contacts are dis- 
tributed radially on an insulating 
base, generally called a deck, or a 
section. Sometimes they are riveted 


ESCO Bulletin No 


or otherwise secured to the deck but 

more often they are set in molded 

recesses. The movable contacts, 
which are carried on 
an insulating member 
keyed to the switch 
shaft, are free to move 
slightly so as to align 
themselves with the 

stationary contacts. Since the shaft 

is generally made of metal, insula- 

tion adequate to prevent flashover is 

provided between 

the movable con- 

tacts and the shaft. 

In some designs, 

the movable con- 

tacts are connected 

to the external cir- 

cuit through a slip 

ring; such switches 

are generally called — 

tap, or selector switches. 


able contacts may be used to inter- 


connect two or more stationary 


terminals. 


8A, containing useful information on the 


construction and application of rotary switches, as well as 
examples of ESCO switches that utilize the design principles 
discussed in these advertisements, will be sent you on request. 


ESCO or WEYMOUTH 


ELECTRO SWITCH CORP. 
Weymouth (Boston 88), Massachusetts 
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For more | 
complex circuit controls, the mov- | 





NEW PRODUCTS 


yet ratings of 2, 5, or 10 watts are 
available. Heater internal tempera- 
tures to 500 deg F are permissible. 
Two 6-in. No. 28 Teflon insulated 
lead wires are provided; a center hole 
allows screw mounting directly to the 
piece to be heated. One or two units 
are $10 a piece; quantities of three 
through 10 are $8.50 each.—Minco 
Products, Inc., Minneapolis, Minn. 
Circle No. 315 on reply card 


SIMPLIFIES ASSEMBLY 


Several composites of silver or noble 
metal solder alloys clad to base or 
precious metals are now available in 
sheet, strip, and foil. Use of these 
composites eliminates separate fabri- 
cation of solder pieces and the need 
for many cleaning and fluxing opera- 
tions. Sheets are available (except 
for stainless steel composites) to as 
thick as 0.500 in. in 20-in. widths.— 
General Plate Products, Texas Instru- 
ments, Inc., Metals & Controls Div., 
Attleboro, Mass. 


Circle No. 316 on reply card 


PRINTS ON THE CHART 


A new accessory for strip chart re- 
corders, the Identichart RI-5 auto- 
matically prints date, time (to the 
nearest minute), and one of twelve 
remotely selected code symbols. It 
eliminates much of the manual mark- 
ing needed to pinpoint the time or 
sequence of condition changes. Unit 
is supplied in an easy-to-install kit 
form. Its time clock operates on 60- 
cycle ac voltage, the printing mecha- 
nism on any ac or de source from 
24 to 115 volts.—Royson Engineering 
Co., Hatboro, Pa. 

Circle No. 317 on reply card 
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TAKE A GIANT STEP 


. into your future and seek out the professional opportunities awaiting creative engineers and 
scientists at Martin-Denver ... For here exists the most challenging problems in space and human 


engineering. Join with us and communicate with N. M. Pagan, Director of Technical and Scientific 
Staffing (Dept. 1C), The Martin Company, P. O. Box 179, Denver 1, Colorado. 


- See oc |e 
ahi 
MV £4 FEO 2 ae 


DENVER DIVISION 


The eight divisions of the Martin Company are Activation, Baltimore, Cocoa, Denver, Nuclear, Orlando, RIAS, and Space Flight. 











TubeXperience in Action 














Deep well pressure readings within .05% accuracy 
with help of Superior Ni-Span C* Bourdon Tubing 


Accurate down-well pressure readings, indicating changes of 
only | to 4 psi at bottom-hole pressure of 2000 psi, are hard 
to get, but extremely important. They demand a pressure 
gage accuracy of at least 0.1°% to make the vital engineering 
calculations based on them of any value, 


To achieve this accuracy and better it, Superior was asked for 
help in selecting the Bourdon tube material for an improved 
bottom-hole measuring device. After careful study, its metal- 
lurgists recommended Ni-Span C nickel-chrome alloy for the 
Bourdon tubes. This material was chosen for its relative 
insensitivity to temperature changes, coupled with superiority 
in Operating temperature, mechanical hysteresis, and elastic 
drift; also for its fatigue resistance and spring properties. 


The customer followed the suggestion and now this gage, 


Swwerrar 
Ge name in small tubing 

NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 24 in. OD 


which is unique in bottom-hole pressure instruments for the 
reason that it utilizes a helix-wound Bourdon tube to transmit 
directly the effects of pressure to a recording stylus, is rated 
0.1% accurate. In fact, with special care in operations and 
calibration, it can measure within .05%% accuracy. 


NI-SPAN C TUBING NOW STANDARD AT SUPERIOR 
Ni-Span C redraw stock is now in inventory at Superior, 
available for immediate production in a range of sizes from 
.010 in. to % in. OD, up to .125 in. wall max., and from 
¥% in. to 14% in. OD in wall thicknesses up to .035 in. max. 
Shaped tubing can be produced to customers’ prints. Perhaps 
you have an application that can benefit from its unusual 
properties. Write for Data Memorandum No. 19. Superior 
Tube Company, 2026 Germantown Ave., Norristown, Pa. 


ladle 


*Registered trademark of International Nickel Co. 


West Coast: Pacific Tube Company, Los Angeles, California e FIRST STEEL TUBE MILL IN THE WEST 
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IMPORTANT: Circle key numbers below and mail before August 1, 1960 


10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 
1 #21063) O41 51 61 71 81 91 101 117 127 131 141 151 161 171 181 
12 22 32 42 52 62 72 82 92 102 112 122 132 142 152 162 172 182 
13. 23 33 «43 53 63 73 83 93 103 113 123 133 143 153 163 173 183 
14 24 34 44 54 64 74 84 94 104 114 124 134 144 154 164 174 184 
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 
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18 28 38 48 58 68 78 88 98 108 118 128 138 148 158 168 178 188 
19 29 39 49 59 69 79 89 99 109 119 129 139 149 159 169 179 189 199 
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210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 

211 221 231 241 251 261 271 281 291 301 311 321 331 341 351 361 371 381 391 

212 222 232 242 252 262 272 282 302 312 322 332 342 352 362 372 382 392 

One of these 213 223 233 243 253 263 273 283 303 313 323 333 343 353 363 373 383 393 
214 224 234 244 254 264 274 284 304 314 324 334 344 354 364 374 384 394 

: 215 225 235 245 255 265 275 285 305 315 325 335 345 355 365 375 385 395 

handy prepaid | 216 226 236 246 256 266 276 286 296 306 316 326 336 346 356 366 376 386 396 
si 217 227 237 247 257 267 277 287 307 317 327 337 347 357 367 377 387 397 

post cards will 218 228 238 248 258 268 278 288 308 318 328 338 348 358 368 378 388 398 
219 229 239 249 259 269 279 289 299 309 319 329 339 349 359 369 379 389 399 


bring you detailed 
C1 Enter my subscription to CONTROL ENGINEERING for one year and bill me for the $5 cost 
information 
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Company 








Address 





More Information About 


1. Advertised products 
2. New product items 
3. Catalogs and bulletins 


All advertisements, new products and literature items are numbered for your convenience. 


IMPORTANT: Circle key numbers below and mail before August 1, 1960 


10 20 30 40 50 60 70 80 7 100 110 120 130 140 150 160 170 180 
1) 6210 314) 51 61 71 81 91 101 111 121 131 141 151 161 171 181 
12, 22 32 42 52 62 72 82 92 102 112 122 132 142 152 162 172 182 
13° 23 33° «43 53 63 73 83 93 103 113 123 133 143 153 163 173 183 
14 24 34 44 54 64 74 84 94 104 114 124 134 144 154 164 174 184 
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 
16 26 36 46 56 66 76 86 9% 106 116 126 136 146 156 166 176 186 
17 27 3 47 57 67 77 87 97 1O7 117 127 137 147 157 167 177 187 
18 28 38 48 58 68 78 88 98 108 118 128 138 148 158 168 178 188 
19 29 39 49 59 69 79 89 99 109 119 129 139 149 159 169 179 189 
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HOW TO USE THESE CARDS: 


200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 

. 201 211 221 231 241 251 261 271 281 301 311 321 331 341 351 361 371 381 391 

1. Find the key number on 202 212 222 232 242 252 262 272 282 302 312 322 332 342 352 362 372 382 392 
item of interest 203 213 223 233 243 253 263 273 283 303 313 323 333 343 353 363 373 383 393 
204 214 224 234 244 254 264 274 284 304 314 324 334 344 354 364 374 384 394 

: F 205 215 225 235 245 255 265 275 285 305 315 325 335 345 355 365 375 385 395 
Circle this number on one 206 216 226 236 246 256 266 276 286 306 316 326 336 346 356 366 376 386 396 
of the cards 207 217 227 237 247 257 267 277 287 307 317 327 337 347 357 367 377 387 397 
208 218 228 238 248 258 268 278 288 308 318 328 338 348 358 368 378 388 398 

209 219 229 239 249 259 269 279 289 299 309 319 329 339 349 359 369 379 389 399 
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Use these reader service cards 
to get more information on 


advertised products, new product items 
or catalogs and bulletins 
appearing in Control Engineering 


No 
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Addressee United States coincides with key number 
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miniature 


WARNER 
electric brakes 
and clutches 





Solve instrument design and control problems 


You can hold the solution to compact. instrument design 
and control problems on the tip of one finger! 

Warner’s miniature electric brakes and clutches give 
you instant actuation, automatic indexing, smooth inch- 
ing and jogging, rapid cycling, accurate synchronization, 
and positive engagement of torque loads up to 1.5 lb-in. 
Electromagnetic principle permits stepless torque modu- 
lation, automatic operation, and remote actuation from 
a variety of standard electric controls. Adjustment of 
voltage gives you cushioned or abrupt couples or stops. 

Multiple shafts and power drives formerly limited by 
space restrictions can be accurately synchronized, oper- 
ated in close sequence, or otherwise controlled automati- 
cally. Complex mechanical linkages and solenoids are 
eliminated. 

Only %” long (approximately 1” diameter) the Warner 
SF-80 clutch and RF-80 brake mount easily in data- 
processing equipment, computers, business machines, air- 
craft components, film projectors, and other automatic 
devices requiring fast, electromagnetic braking and clutch- 
ing in a small package. 

Your Warner representative can simulate a variety of 
start, stop, inching, jogging, or torque adjustment appli- 
cations with a desk-top, plug-in demonstration. See the 
speed, adjustability, and control-ability of Warner minia- 
ture electric brakes and clutches in your own office! 
Phone your Warner representative or write us to arrange 
an appointment. 


originators of electric motion control 


WARNER Warner Electric Brake & Clutch Co. 
le Beloit, Wisconsin 


Complete line from 1.5 Ib-in. to 700 Ib-ft. 
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What can you do with a 
remarkable instrument like this? 


fe sergutsene one oon’ 


Here’s what they’ve done with this 
remarkable READALL?® instrument 


Several weeks ago, we used the ad you 
see in the picture to ask a question and 
give some facts. We said that the READ- 
ALL readout instrument was about the 
size of a candy bar, and that it could 
display, store or transfer up to 64 differ- 
ent numbers, letters or symbols without 
using complicated conversion equipment 
and “black boxes.” 

We explained that the READALL in- 
strument was originally developed for 
data display in flight control equipment. 
We described the READALL instrument as 
an electro-mechanical, D.C. operated, 
readout device for displaying characters 
in accordance with a pre-determined 
binary code . . . a compact self-contained 
device . . . which can be applied to the 
output of digital computers, teletype re- 
ceiving equipment, telemetering systems, 
or wherever data must be displayed. And 
we wound up by asking about new appli- 
cations for our READALL instrument. 
Here are some of the answers to our 
question: 

1. A leading aircraft corporation is using 
READALL instruments in a visual inter- 
com system in patrol aircraft that’s con- 
nected with anti-submarine warfare. 

2. Another company uses READALL in- 
struments in ground checkout equipment 
for a new Air Force bomber. 


3. An oil company uses these readout 
instruments in a data reduction system 
that converts magnetic tape seismo- 
graphic data to printed digital data and | 


graphic chart strips. | 


4. A missile manufacturer uses READALL 
instruments in an automated “Missile 
Skin” milling machine. 


5. These readout devices are being ap- 
plied in nuclear reactor work for remote 
control and indication of rod position. 


6. READALL instruments are now used in 
an electric power station monitoring 
system in Philadelphia. 


7. READALL instruments are being used 
in display boards for the Air Defense 
Headquarters. 


8. Another aircraft manufacturer uses 
READALL instruments in a flight simulator. 


9. A branch of the military designed the 
READALL instruments into an airborne 
bomb-direction computer. 


10. An aircraft systems manufacturer 
uses READALL instruments for display 
and print-out of data with a computer 
in a high altitude weather reconnaissance 
project. 


We would be happy to tell you more about the READALL and its applications. 
We would be happy to hear from you about possible applications. Please write to us 


at the address below. 


“Croneers in Pubh-Button Science” 


d 
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UNION SWITCH & SIGNAL 
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY ——= 
PITTSBURGH 18, PENNSYLVANIA 
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BULLETINS AND 
CATALOGS 


NOTE: This month’s Bulletins and Cata- 
logs section starts with several items for 
which written requests are necessary. Com- 
plete addresses are given for these. For 
any other item, circle appropriate number 
on the reader reply card. 


THERMISTOR DATA. Victory Engi- 
neering Corp., 512 Springfield Rd., Union, 
N. J. Available at $1.00 per copy, this 
revised VECO data book has been de- 
signed to provide engineers, purchasing 
agents, sales personnel, and management 
sufficient information to enable them to 
evaluate the needs in their own activi- 
ties for thermistors, Varistors, and allied 
devices. Thermistor data includes oper- 
ating characteristics, temperature-resist- 
ance curves, voltage-current curves, current- 
time curves, and some typical applications. 
A three-page bibliography lists almost ev- 
ery important paper on thermistors and 
Varistors written within the last 20 years. 
400 POWER SUPPLIES. Sorensen & 
Co., South Norwalk, Conn. This new 
32-page power supply handbook and cata- 
log provides tabular specification data on 
more than 400 separate power supply 
models. Available without a charge, it 
covers the complete Sorensen line of 
regulated de supplies, frequency changers, 
high voltage power supplies, and other 
high voltage products; miniaturized tran- 
sistorized power supplies, inverters, and 
converters; and ac line voltage regulators. 
Booklet also included extensive technical 
data on the selection and application of 
these products. 

MASTER STANDARDS. PIC Design 
Corp., Sub. of Benrus Watch Co., Inc., 
477 Atlantic Ave., East Rockaway, N. Y. 
Available only to department heads such 
as chief engineers, chief draftsmen, stand- 
ards engineers, etc., it is a new master 
standards loose leaf manual designed to 
simplify the specification, modification, 
and inspection problems peculiar to the 
purchase and use of electromechanical 
components. Master standards are pro- 
duced on reproducible tracing paper meas- 
uring 84 x 11 in. Leather ring binder con- 
tains over 400 loose leaf pages. Manuals 
will be distributed personally by PIC sales 
engineers. 

RATE GYRO DATA. Sanders Associates, 
Inc., 95 Canal St., Nashua, N. H., Attn: 
Product Mgr., Subminiature Rate Gyros. 
Priced at $2.00, a new 62-page “Technical 
Manual For Subminiature Rate Gyro- 
scopes” opens with a detailed description 
of basic operating principles, then goes on 
to cover performance characteristics, 
standard types available, transformer pick- 
offs, and use and design of gyro packages 
for rate and acceleration applications. A 20- 
page appendix to the manual discusses 
factors affecting gyro performance, gives 
sample specification to aid the engineer, 
and includes a complete glossary of gyro 
technology. 

(350) ELECTRONIC MULTIPLIER. 
GPS Instrument Co., Inc. Bulletin MU- 
500 E, 4 pp. Reviews the theory of op- 
eration and performance capability of a 
new electronic multiplier-divider, devel- 
oped for use with the company’s com- 
pressed-time-scale analog computer, but 
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Key building block 

in flexible 

process control... 

the Beckman 123 Data Processing 
System. % Use it alone for 
process data logging and alarming. 
Use it with a general-purpese 
computer for computer control. 
Its flexibility allows you to 

first study and then control 
your process...as well as modify 
process variables and easily 
reset controls. 4 In addition to 
this flexibility, the 123 Data 
Processing System offers 
all-transistorized circuits for 
maximum dependability... 
pinboard programming for ease 
of operation...100 or more 
channels to handle any logging 
problem... typewriter, paper 
tape, or punchcard readout... 
visual and audio alarms. 4 Let 

a Beckman stream-control 
specialist help you to a 1-2-3-4 
building block solution to 

your process control needs... 
from sample handling (1) and 
stream analysis (2) through 
data processing (3) and digital 
computing (4) to an ultimate 
closed loop. For more information 
on the 123 Data Processing 
System or an on-stream survey, 
write for Data File 46-5-09 
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| Bulletins & Catalogs 


(Z2 makes the difference 
a 


suitable for use as a general purpose device 
in the fields of ree] data reduction and 
slow-time computation. 
(351) CORROSION RESISTANCE 
GUIDE. Hydromatics, Inc. Charts, 6 pp. 
Lists the relative ability of metals, plastics, 
and synthetic rubbers used in the manu- 
facture of Flo-Seal valves to resist the cor- 
rosive effects of 390 different fluids en- 
countered in a wide range of industrial 
applications. Introduction shows a cross 
section of a typical Flo-Seal valve and the 
complete chemical composition and physi- 
cal characteristics of materials used in its 
construction. 
(352) DIAPHRAGM SEALS. Brooks 
Rotameter Co. Catalog, 24 pp. Consists 
of a four-page bulletin, design specification 
sheets, and price lists covering the Brook- 
seal line of diaphragm seals, elements de- 
signed to protect pressure instruments 
against corrosion and clogging. 
(353) DIGITAL INSTRUMENTATION. 
Cubic Corp. Bulletin 100-D, 6 pp. Covers 
Ultimate in convenience—all components accessible on slide-out chassis. some of the more important specifications 
and design features of a variety of digital 
® instruments, including dc voltmeters, con- 
Th Eh f; 4 i i. trol units, preamplifiers, ac converters, 
ée/7mo ec Tonic Signaling Controller scanning systems, printer control units, 
and the Cubic talking meter. Prices are 
TE ba eis —_— _ eer aia Se . a ae included in some of these specifications. 
Phi new, rugged, onagent pt signaling contvaller » ee Se (354) RELIABLE RELAYS. O saneaaceatt 
using proven components, to give you maximum accuracy, sensitivity Electric Co. Catalog 160, 24 pp. Loaded 
speed of response, in a minimum of space. | with illustrations, specifications, and di- 
Available as a potentiometer or bridge type unit. It will automatically, contin- pao Be cvege. 2 = bulletin te 
uously, dependably provide two position control of any process you require, =. dian ete gers Ae epnone-type selsys— 
. “as : . : ‘ edium size, small, miniature, and sub- 
through the use of any DC signaling transducer. Corrective action follows 


, , : : miniature—with a wide range of contact 
almost instantaneously upon detection of even a 1 microvolt signal change. combinations including bifurcated, heavy 


duty, and power contacts. Special features 
include a coil data chart and a listing of 
telay contact code numbers. 
The Thermo Electronic Signaling Controller incorporates the new high-gain hak poet 5 BLOW mn — 
relay amplifier which combines high stability with exceptional sensitivity. FB. 4 yer eer aces. inc. Suacts 
Stability is + 1 microvolt, power gain, 135 decibels. Full amplifier sensitivit S, 4 pp. Serves as 0 simplified guide to 
- d ee eee ere : P y determining cooling requirements of elec- 
is used for standardizing. tronic apparatus and shows how to select 
Tubes and parts are standard—obtained easily from any electronic parts ad ay ary capability of miniature 
outlet. The potentiometer circuit uses a flashlight battery as its oo (356) DATA SYSTEMS. Southwestern 
source. Front-set controls Industrial Electronics Co. Illustrated bul- 
enable quick setting. Easily letin describes the SIE MS-12 GeoData 
interchanged ranges, from ot age data processing system, a 
1-100 millivolts, adapt to an package designed to handle both SIE FM 
exceptionally wide range of and direct recorded AM magnetic tapes to 
sensing elements. Fail-safe produce a pen recorded time cross sec- 
action protects expensive lid n. «Se gy can be photograph- 
ee (357) FLUID POWER PRODUCTS. 
fail ? P Flick-Reedy Corp. Bulletin P2547P, 24 
a aoe pp. Sectionalized by products, this two- 
Ss ‘ ideas i color bulletin covers air cylinders, hydraulic 
oie yous tweptibien con cylinders, nonsag piston rods, high speed 
cushions, adjustable stroke cylinders, air 
hydraulic boosters, air-oil circuits, and 
Tru-Seal pipe thread fittings for eliminat- 
ing positioning problems and leakage. 
Write today for = caper beg ogg ges rad 
5.8” i SC IERRIP SIC 5 i netics, Inc. Design report, pp. Out- 
15.8” scale has large, easy-to-read numerals Catalog 51-11. lines mew approaches to the design of 
compact, inexpensive, and versatile dc-to- 
dc and dc-to-ac converters. Introductory 


* 
Thermo Electric C0., INC. sero ee section presents data on converter design 


factors, transistor selection, and magnetic 
tn Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ontario core characteristics. Second half con- 


tains complete step-by-step information 


Bright Red-Green lights on the panel door signal process condition. The 
instrument needs just 56 square inches of your panel space. 


trol problems quickly and 
better with Thermo Elec- 
tronic Instruments. 
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on two theoretical case histories: design 
of a power converter and design of a 
de-to-de high voltage supply. 

(359) THERMAL INSULATION. Mon- 
santo Chemical Co. New technical bulle- 
tin describes the chemical, physical, and 
structural properties of Santocel A, a silica 
aerogel used for thermal insulation. Sug- 
gests a number of typical applications. 
(360) VALVE BOOKLET. United Air- 
craft Products, Inc. Booklet 5911251, 8 
pp. Introduction details design and selec- 
tion factors such as function, application, 
and method of actuation. Subsequent 
pages provide engineering data, character- 
istics, range specifications, and illustrations 
of various types of valves: bypass, relief 
check, regulator, etc. 

(361) SUPERVISORY CONTROLS. 
ASCOP Div. of Electro-Mechanical Re- 
search, Inc. Brochure SC 3M020, 12 pp. 
Describes an advanced supervisory control 
system that has found ake application in 
pipe line transmission systems, unattended 
electric utility substations, microwave tre- 
lay stations, and similar applications. Also 
shows detailed operating sequences for 
the various types of control and supervi- 
sion which can be specified. 

(362) RAPID TRANSLATION. _ Elec- 
tronic Engineering Co. Applications in- 
formation manual, 16 pp. Second edi- 
tion of this handy manual covers the data 
translation capabilities, basie translation 
system, common translation modes, and 
other basic information on the company’s 
Model ZA-100 computer range translator. 
Illustrated appendix outlines the CLT 
systems now in operation in various parts 
of the United States. 

(363) SERVOMOTOR CATALOG. 
Helipot Div., Beckman Instruments, Inc. 
Size 18 catalog, 16 pp. Complete with 
typical unit characteristics, specifications, 
dimension drawings, and _ torque-speed 
curves, this two-color catalog covers the 
company’s full line of Size 18 servomotors 
and servomotor-rate generators. Includes 
specification check list for use when other 
than standard units are required. 

(364) CONTROLLED SPEED SYS- 
TEMS.  U. S. Electrical Motors, Inc. 
Color brochure, 8 pp. Amply illustrated 
with schematic drawings and application 
photographs, brochure briefly explains the 
U. S. Varidyne controlled speed system 
principle and shows how it has been ap- 
plied in multimotor installations. 

(365) CONVERSION FACTORS. Pre- 
cision Equipment Co. Wall chart. A 
handy reference for engineers and _ tech- 
_ nicians, this new conversion factor wall 
chart lists most of the common conver- 
sions such as inches to centimeters or 
watts to horsepower as well as many con- 
versions that are difficult to locate in ref- 
erence manuals. Some examples of the 
latter include atmospheres to kilograms 
per square centimeter, centimeter per sec- 
ond to mph, cubic feet to liters, microns 
to meters, etc. 

(366) PROXIMITY METER. Aeronau- 
tical & Instrument Div., Robertshaw-Fulton 
Controls Co. Technical and application 
manual TM-951-2, 28 pp. Contains a 
complete technical description of a new 
capacitance operated proximity meter, in- 
cluding circuit and differential informa- 
tion. Applications outlined include use of 
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The temperature of things is so impor- 
tant to some people that a few degrees 
one way or another is a calamity: it has 
to be plus or minus a few tenths of a de- 
gree, or else. This group includes Deutsche 


beer drinkers, those who watch over crys- 
tal oscillator ovens, certain environmental 
test boxes, delay lines, and the Miami* 
tourist trade. To them, we offer a solution. 


It’s a Sigma Magnetic Amplifier Relay, 
one-half of a resistance bridge, and a 
built-in DC power supply — all neatly 
packaged and ready to go as soon as a 
thermistor and reference resistor are con- 
nected to complete the bridge. In opera- 
tion, a temperature change unbalances the 


bridge, energizing the relay through the 
magnetic amplifier. What you do with the 
relay output — for corrective action or 
indication—is up to you. (The contacts 
are SPDT and available for switching 1 
amp. or 5 amp. loads.) 


The reason you supply the thermistor 
is that you know how much mounting 
space there is, what temperature range 
has to be monitored, and how much power 
the thermistor can safely dissipate. The 
woods are full of thermistor suppliers and 
the “Series 8000 Thermistor Temperature 
Control” Bulletin contains a useful guide 
to thermistor selection. 


Compared to other ways you could de- 
tect and do something useful with changes 
as small as 0.1°C, this device is guaranteed 
free of locking contacts, delicate mecha- 
nisms and other life-shortening elements. 
It also provides resettable control, as well 
as accurate ‘remote’ control even when 
fairly long leads from the thermistor are 
used. 


Since this temperature control is about 
83% magnetic amplifier, this seems like a 
good place to give a plug to Sigma Mag- 
netic Amplifier devices in general. We can 
sell you regular and souped-up 60 cycle 
models, and have in development a 400 
cycle type in a hermetically sealed case. All 
are rugged, microwatt-sensitive switches 
particularly useful as current, voltage or 
resistance comparators for monitoring or 
controlling light intensity, radiation level, 
pressure, vacuum, line voltage, etc. Bulle- 
tins on any are available on request, 


*In South Braintree, the temperature today is 270°K. 


SIGMA 


SIGMA INSTRUMENTS, INC, 
69 Pearl Street, So. Braintree 85, Mass. 
An Affiliate of The Fisher-Pierce Co. (since 1939) 
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Bulletins & Catalogs 


the instrument as a micrometer, concen- 
tricity gage, surface gage, strain gage, pres 
sure gage, and vibration meter. Manual 
also lists performance specifications and 
control adjustments. 

(367) UNVAC APPLICATION. Rem- 
ington Rand Div., Sperry Rand Corp. 
Bulletin U1715, 4 pp. One of a series of 
60-sec management interviews, this illus- 
trated two-color bulletin tells how a large 
New York savings and loan association has 
improved its entire customer service Op- 
eration with a new Univac 60 computer. 
(368) PRECISION DRIVE MOTORS. 
Rodine Electric Co. The Rodine Motor 
gram, Vol. 40, No. 1. 4 pp. Feature two 
articles on typical applications of the com 
pany’s split-phase synchronous motors. 
Third article discusses the techniques for 
controlling the speed of various fractional 
horsepower motors. 

(369) POT SELECTOR CHART. Spec 
trol Electronics Corp. Wall selector chart, 
24 x 30. Useful engineering aid contains 
complete and easily read specifications on 
37 standard models of single- and multi 
turn precision potentiometers. Lists elec 


A : eo tronic and mechanical ratings, dimensions, 
cy | environmental data, and special features. 
del PS-216-D (370) SEALED CIRCUIT BREAKERS 


16=channel Airpax Electronics, Inc. Bulletin B-07, 4 
Se secerder pp. Describes the new Series 500 hei 
metically sealed electromagnetic circuit 
breaker, discussing such characteristics as, 
time delay, trip level, current ratings, 
frequency ratings, possible combinations, 
and release coil resistances. A typical time 


" | delay curve and outline dimension draw- 

iad rR | = Os { Lt | '@) | ings are included. 
we “ | (371) HIGH-SPEED MEMORIES. Tel- 
ia. CS | ae me fehecha @) n | emeter Magnetics, Inc. Specification DF- 
° a : 115.1, 4 pp. Deals with a series of general 
laar-ie fali-j4Le ta jet purpose high speed memories designed to 
. provide both random access and sequential 
| types of operation. [Illustrations include 
recorders a block diagram and bar graphs showing 
typical write, read, and memory operations 
(372) SAMPLING RELAY. James Elec 
tronics, Inc. Catalog sheet F-2218, 2 pp. 
Provides full technical details on the com- 
pany’s new line of Micro-Scan relays de- 
. f 7 signed for dc, asynchronous, and synchro- 
for space-conscious applications nous switching of extremely low microvolt 
level to moderate level signal circuits such 
: as those found in analog and digital 

PRECISION recorders are fast becoming the [ cme computers. 

Standard for the most critical and demanding (373) FLOW-CONTROLLED PUMP. 
applications in the age of space. Advanced me- Milton Roy Co. Data sheet D-59-1. Ap- 
Chanical concepts and solid-state circuitry pro- Two plication engineering data sheet explains 


: : : complete how controlled volume pumps solved the 
vide full-size performance in less than 1% the 14-channel problem of metering a softening agent by 


Space required by conventional recorders. Up to P.I. recorders incorporating an automatic stock length 
14 channels of analog or 16 channels of digital wee ee ee eee ew 


menigr , only 51” rate changes in the main line. 
recording in a wide range of models for rack of rack (374) MHD POWER. Missile & Space 
mounting or portable use. Write for detailed new space Vehicle Dept., General Electric Co. Bul- 
brochure #55A. letin PPIB-40, 4 pp. Outlines the work 
done at GE’s Space Sciences Lab in mag- 
netohydrodynamics, the study of tech- 
niques for extracting electric power di- 
PRECISION INSTRUMENT COMPANY aiily from ‘ened gas as re passes 
1011 COMMERCIAL STREET * SAN CARLOS, CALIFORNIA through a magnetic field. Photos and line 
Phone: LYtell 1-444] . TWX: SCAR BEL 30 drawings illustrate the experimental hard- 
ware already developed and both open- 

REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD and closed-cycle applications. 
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(Continued from page 48) 
ishes his design he turns it over to the 
production department where a tech- 
nician determines what connections 
have to be: made. The technician 
notes every connection and orally de- 
scribes it into a Dictaphone Audio 
Instructed Manufacturing Operations 
system (AIMQ). A typical instruc- 
tion: “connect module J-11, pin little 
j to module J-12, pin capital F.” 

At the wiring bench, the harness 
maker wears a headset and sits with 
the wire supply; the AIMO machine 
is connected to two foot pedals. She 
steps on one pedal, hears a single 
wiring instruction. The machine auto- 
matically stops at the end of the in- 
struction, and another press on the 
pedal is required to get the next in- 
struction. Pressing the second pedal, 
the operator can make the machine 
repeat the last instruction if she did 
not hear it clearly. 

By placing wiring instructions on 
tape, Adage calculates it has cut har- 
ness wiring from six days to two. But 
probably an even bigger advantage has 
been the reduction of wiring errors. 

After the wiring harness is com- 
pleted, the harness, the required mod- 
ules, and a cast aluminum container 
are all shipped to the application en- 
gineer who designed the digitizer. He 
has the job of putting in the modules, 
connecting the harness, and making 
the digitizer work. 

Reorganized the company — 
Adage’s technique has worked so well 
that the company’s organization was 
changed to conform better to the pro- 
duction method. Today the company 
has three major departments: 

¢ Marketing Department—sells the 
digitizer, designs it with stickers, per- 
forms final assembly, tests, delivers, 
and services the finished digitizer. 

¢ Product Department — conducts 
research to develop new techniques 
and modules with different or added 
functional capability. 

¢ Manufacturing Department—builds 
the printed circuit boards and wires 
the harnesses to the marketing de- 
partment’s specifications. 

This approach has cut average de- 
livery times from about 100 days to 
45 days. In fact, says Product Devel- 
opment Manager Eric Howlett, a digi- 
tizer very similar to one previously 
made can now be produced in seven 
days. 

Just as important, however, is the 
flexibility that the technique pro- 
vides, says Howlett. And it has re- 
duced the amount of time application 
engineers have to haggle over produc- 
tion details. 
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CASE HISTORY NO. 111 


SOLVES INVENTORY AND 
FORMULATING PROBLEMS 


with 


The King-Gage 


PROBLEM: Accurate measuring of raw materials in storage and in 
mixing and formulating was difficult for a paint manufacturer.* Volume 
measurement of liquids exposed to wide temperature changes required 
frequent corrections to compensate for expansion or contraction. This was 
time-consuming and costly, and a better method was sought. 


SOLUTION: Measure all materials by weight, disregarding tempera- 
tures, since proportions by weight are always accurate. For this they use 
King-Gages, at a fraction of the cost of weigh-scales - - on 10,000-gal. 
storage tanks, 4000-gal. mixing tanks and 500-gal. portable tanks, Read- 
ings are taken quickly, in pounds, well within required accuracy. 


*Name on request. 


MEMBER: 


The liquid-filled U-tube is the primary standard for measuring pressure 
— — its inherent accuracy is greater than that of any other pressure 
measuring device known. The King-Gage uses the U-tube principle. 

King-Gages measure weight, volume or depth of practically all liquids, 
in storage and processing vessels. Located wherever convenient, they 
save time — — eliminate the hazards of climbing on tanks — — guard 
against errors, losses and shortages. 

There’s a King-Gage Distributor near you — — factory trained to give 
you expert service when you want it. 


CATALOG 1010 gives further details; shows appli- 
cations in many fields. Write — 


enanenenenen ee wee ewe wma 


| Fa 
wT KING ENGINEERING CORPORATION 


3203 S. State St. Ann Arbor, Michigan 
DISTRIBUTORS IN 26 PRINCIPAL INDUSTRIAL CENTERS 
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Dunco 
FC-215 
Weight 3 oz. Size 
4%” x 1-1/32” 
x 1%” high. 


ALL-WELDED 
INTERNAL 
CONSTRUCTION! 


for missile and aircraft uses 


Conservatively rated for 10 ampere 
DC operation, these solidly built 
little DPDT units fill a long stand- 
ing need for dependable heavy duty 
power relay service under tempera- 
ture, vibration and shock extremes. 

Constructed throughout to meet 
or surpass MIL-R-575C and MIL- 
R-25018 requirements. No internal 


WRITE FOR DUNCO BULLETIN FC-215 


STRUTHERS-DUNN 


soldered joints. Withstand 30G 
vibration to 2000 cycles and 50G 
shock. Standard coils rated 26.5 Volts 
DC nominal with 400 ohms coil 
resistance. Other coils available, 
Designed for 125° C. operation 
Header terminals are 0.2” grid- 
spaced and can be furnished with 
hook, long or short wire lead 


terminals, 
l) 
O 


World 's largest selection of relay types 


STRUTHERS-DUNN, Inc., Pitman, N. J. 
Member, National Association of Relay Manufacturers 


Sales Offices im: Atianta . Boston + Buffalo - 
Kansas City + Los Angeles + Montreal - 


Charlotte + Chicago - Cincinnati « Cleveland + Dallas + Dayton + Detroit 
New Orleans + New York + Pittsburgh + St. Louis + San Francisco + Seattle « 


Toronto 
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Systematize 
For Systems 


A traditional communications sup- 
plier formed a_ subsidiary to 
chase the systems business. After 
one year’s growing pains, the 
subsidiary is breaking into stride, 
expects to sprint to sales of $100 
million in three years. 


DALLAS 

In Richardson, Tex., (just outside 
Dallas) two lines of trailers resembling 
a trucking company terminal cluster 
incongruously beside a 40-ft “dish” 
radar antenna. Actually the test site 
for a transportable space probe track- 
ing station, the system was built by 
Alpha Corp., a subsidiary formed by 
Collins Radio Corp. just a year ago. 

The tracking stations contract rep- 
resents $64 million of the current $50 
million worth of contracts that Alpha 
has in the house at present. That’s the 
same dollar volume on hand when 
Collins started the unit last April, but 
Alpha President Max W. Burrell ex- 
pects sales to reach $100 million in 
three years. 

The original backlog came from 
Collins, of course, which started Al- 
pha as a bid to step into the systems 
engineering and management busi- 
ness. But Burrell believes Alpha will 
be able to get more and more of its 
business on its own in the future. 

¢Not a manufacturer—The plan 
from the beginning was for Alpha to 
concentrate entirely on systems man- 
agement and engineering, leaving Col- 
lins to be strictly a manufacturer. 
Burrell believes his some 700 engi- 
neers, technicians, and supporting 
personnel are now trained to think 
systems, but putting this across has 
been one of his big problems. 

“We have been a year trying to 
teach our people that we aren’t in the 
manufacturing business,” he says. 
“They have had to unlearn what they 
had been doing for Collins. This has 
been difficult, and we have had to 
bring in a dozen top engineering ad- 
ministrative people with experience in 
installing systems.” 

Burrell’s ideas of how an organiza- 
tion like Alpha should be set up have 
caused some readjustment pains, too. 
He determined to set up a system 
that would get work done right, on 
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time and at minimum cost. 

¢ Completely in charge—He divided 
the fledging group into six divisions 
and put each division under a vice- 
president and project executive, Each 
of the division heads has a complete 
project management, engineering, and 
administrative group capable of han- 
dling a contract. He’s held accountable 
for showing a profit on a project and 
for completing it on time. 

Prime contracts underway in addi- 
tion to the satellite tracker (which is 
for the Signal Corps and ARPA) in- 
clude an integrated fleet communica- 
tions systems for the Navy, ground 
based surveillance systems, telecom- 
munications and command-destruct 
systems for major missile ranges, and 
construction contracts for primary 
manufacturing, research, and operat- 
ing facilities in the U. S. and abroad. 

¢Systems in the factory—Burrell 
hopes to see Alpha do a bigger sell- 
ing job in the future on planning the 
entire layout of all machinery and 
electronic equipment that might be 
required for a plant—before the in- 
stallation is put up. 

He’s also interested in the com- 
pany going after more nonmilitary 
work. Currently 80 percent of Alpha’s 
business is in defense orders. Burrell 
thinks 50-50 is a good defense—com- 
mercial balance. 

An example of some meaty com- 


mercial business is a study Alpha’s 
done for an “exotic” microwave sys- 
tem for a proposed 1,500-mile gas 


transmission line. Petroleos Mexi- 
canos (Pemex), Mexico’s nationalized 
oil industry, has asked for studies that 
may lead to more pipeline microwave 
contracts, and a foreign railroad has 
asked for some automation studies. 
—Marvin Reid 
McGraw-Hill News 


Analog satellite tracking data is converted to 
digital form for teletype transmission in one of 
the vans of Alpha Corp.’s transportable track- 
ing station. 
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Resistance 
Thermometers 
by REC... 


REC specializes in platinum resist- 
ance thermometers of exceptional 
stability and high calibration ac- 


curacy. 


MODEL 172 
(actual size) 


MODEL 152 probe features open 
platinum wire supported at inter- 
vals, resulting in extremely fast 
response and excellent thermal iso- 
lation between the element of the 
probe and the head of the probe. 
It is primarily intended for gases at 
moderate and low velocities, useful 
from —260 to +260° C or higher. 


MODEL 150 
(1/2 size) 


MODEL 168A series probe uses a 
precision platinum resistance sens- 
ing element which is fully supported 
by a ceramic insulation. The ele- 
ment is protected by a stainless 
steel guard tube with additional 
support at the element tip for max- 
imum protection to flow. The tem- 
perature range is +700° F to —435° 
F, and has a normal resistance of 
1380 ohms at 0° C, 


MODEL 172 series is a miniature 
element encased in a platinum- 
rhodium tube, useful from —260 to 
750° C or up to 1100 C for short 
term use, and having a resistance of 
100 ohms at 0° C, with other values 
available. It can be cemented or 
clamped to a surface, inserted in a 
hole, or molded into a body. 


move 152 
(U/3 size) 


MODEL 150 probe features a min- 
jature element, only 0.160 OD out- 
side the guard tube. It is useful 
from —260° C up, and finds wide 
applications in LO» and LHe, and 
is available with various immersion 
lengths and is normally mounted 
by a flare fitting. 


mover 168 
(1/ssize) 


Write for further information .... 


ROSEMOUNT 
ENGINEERING 


DEPT. MR-1 


4900 West 78th St. 


COMPANY 


Minneapolis 24, Minn. 


We also make a wide variety of temperoture probes 
for airplanes, missiles, rockets 
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Holding runout tolerances on a 
motor shaft extending 24" beyond the 
motor frame poses a difficult design 
problem. To reduce runout, many man- 
ufacturers have resorted to compli- 
cated andexpensive outboard bearings 
and shaft supports. To avoid this prob- 
lem, one such company* came to 
Holtzer-Cabot, which in cooperation 
with the company’s engineers, devel- 
oped a motor with a special extended 
end cap and a heavier shaft. The re- 
sult: less than .005 runout at one inch 
from the end of the 24” shaft. 


Write for Information! Holtzer- 
Cabot specializes in the design and 
manufacture of fractional horsepower 
motors for all types of applications. 
For complete details on Holtzer-Cabot 
motors for specific applications, and 
a copy of “Key Factors in Selecting 
AC Motors for Instrument Service” 
write direct or use Readers Serv- 
ice Card. 

*Name on request 
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DuMont Labs Finds a Buyer: 
Fairchild Camera 


Arrangements have been started to 
finalize the proposed merger of Allen 
B. DuMont Laboratories into Fair- 
child Camera & Instrument Corp. in 
a stock exchange transaction. 

Fairchild, the surviving company, 
had been negotiating with the Clifton, 
N. J., firm for two months before the 
deal was first announced. This means 
the talks were going on when Repub- 
lic Aviation Corp. was considering 
buving DuMont. Republic dropped 
the idea. 

Fairchild has also been active with 
other companies: last October an un- 
successful bid was made to merge with 
R. C. Allen Business Machines, Inc. 
Along with DuMont’s military and 
industrial electronics business (it no 
longer makes TV sets), the Syosset, 
N. Y., company gets a tax loss carry 
forward of about $10 million. 


TRWP, Republic Team Up 
For Utility Control 


Republic Flow Meters Co. and 
Thompson-Ramo-W ooldridge — Prod- 
ucts will cooperate in designing and 
furnishing computer control systems 
for the electric power industry. 

Republic (a subsidiary of Rockwell 
Manufacturing Co. located in Chi- 
cago) will combine its experience in 
electronic control and valving systems 
for steam boilers with TRWP’s know- 
how in computing-control. 

> Another process instrument com- 
pany-computer maker tie-up was an- 
nounced by Bailey Meter Co., Cleve- 
land, which will apply Packard-Bell 
Computer Corp’s GP computer (see 
p. 32) as a component of control sys- 
tems. 


News of Other Companies 
In the Control Field 


Systron Corp. has acquired Donner 
Scientific Co. to be a subsidiary of 
Systron-Donner; they're next-door 
neighbors in Concord, Calif. 


Avien, Inc., Woodside, N. Y., will 
exchange stock to acquire Colvin 
Labs, Inc. and Pressure Elements, 
Inc., both of E. Orange, N. J. 


HOLTZER-CABOT 


MOTOR DIVISION 
National Pneumatic Co., Inc., Boston 19, Mass. 


General Mills, Minneapolis, Minn., 
has been negotiating to acquire The 
Daven Co. and Laible Manufacturing 
Co., Livingston, N. J., and Man- 
chetser, N. H. 
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Control Data Corp. and Control 
Corp., both of Minneapolis, Minn., 
have obtained stockholder approval of 
an arrangement whereby the latter 
firm will become a subsidiary of Con- 
trol Data. 


Atlee Corp., Woburn, Mass., has 
merged Industrial Electronics Co., 
Inc. and Applied Dynamics Corp., 
neighbor companies in the Boston 
area, All three will trade ander the 
Atlee name. The Applied Dynamics 
Corp. shouldn’t be confused with Ap- 
pled Dynamics, Inc., recently pur- 
chased by Bowmar Instrument Corp. 


(CtE, April 60, p. 204). 


RCA, which has up till now bought 
all its magnetic tape for producing 
records and for prerecorded and blank 
sales, will now produce it for profes- 
sional, broadcasting, industrial, and 
home use at a new Indianapolis plant. 


Borg-Wamer Corp., Chicago, has 
stepped more firmly into the field with 
a new Borg-Warner Controls Corp. 
formed out of the facilities of BJ 
Electroincs, a B-W property. 


McDonnell Aircraft Corp., St. 
Louis, has announced the establish- 
ment of a new division to offer com- 
plete electronic data processing serv- 
ices. 


IMPORTANT MOVES 
BY KEY PEOPLE 


Dr. Batdorf Heads Planning 
At Ford’s Aeronutronic 


Manager of product planning for 
Range Systems Operations of Aero- 
nutronic, a division of Ford Motor 
Co., is Dr. Samuel B. Batdorf. He 
comes to the Newport Beach, Calif., 
company after serving as director of 
research for Lockheed Electronics 
Co.’s Newport Div. (formerly Lock- 
heed Electronics and Avionics Div.). 

Dr. Batdorf joined Lockheed in 
1956 at its Missile Systems Div. and 
was assistant director of research and 
head of the Electronic Div. He was 
also technical director of Lockheed’s 
satellite projects (Midas, Samos, and 
Discoverer). 

In 1958 he took a leave of absence 
to help plan the military space pro- 
gram for the Advanced Research Proj- 
ects Agency, where he initially headed 
the Man-In-Space Project. 


Gen. Gavin Becomes 
A. D. Little President 


Lt. Gen. James M. Gavin (USA 
Ret.) has been elected president of 
Arthur D. Little, Inc., Cambridge 
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Quality control in heat treating and 
other exacting temperature control 
applications is vastly improved by 
using a Conoflow Model EB with o 
variable autotransformer. 


AUTOMATICALLY- PNEUMATICALLY 
CONOFLOW MODEL EB 


CUR RENT CONTR la & “as LLER 


The Model EB is a unique final control element—a Conoflow 
exclusive. Essentially, it is a pneumatic-electric transducer, consist- 
ing of a cylinder actuator, a rack and pinion mechanism, and an 
electrical component such as a rheostat, autotransformer or poten- 
tiometer. The cylinder receives a 3-15 psi instrument signal and 
produces a rotary motion (to 360°) which precisely positions the 
electrical device, affording automatic control of any electrical value. 


Model EB Current Controllers are available from Conoflow in 
over 200 different combinations of electrical components. These 
assemblies are designed to handle a wide variety of control 
applications more efficiently and more economically than possible 
by manual operation. A few are: 


* CONSTANT PRESSURE © CONSTANT TEMPERATURE 

® PROPORTIONAL FLOW ® BOILER FEED WATER CONTROL 
* LIQUID LEVEL * REWIND CONTROL 

* MACHINE TOOL SPEED * CONSTANT FLOW 

* CONVEYOR CONTROL © STOKER FEED CONTROL 

© HEAT TREATING * HUMIDITY CONTROL 


For additional information on the Model EB Current Controller, write 
to Conoflow Corporation, 2100 Arch Street, Philadelphia 3, Pa. Ask for 
Bulletin EB-3. 
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STEPPER 
* ae hd fi 


“SYNCHRO POSITIONER. 


Accuracy: Within 6 min. of arc . 
when driven by either motor. 


Incremental shaft rotation: 2 


degrees. 


This is one of the many applications for the Stepper 
Motor — a device for translating electrical pulses 
into accurate, bi-directional, incremental shaft dis- 
placements. 


The Synchro Positioner uses two Stepping Motors, an Autosyn 
differential, and a built-in pulse generator. One motor positions 
the Autosyn Shaft in coarse increments in either direction, while 
the other motor, using a different gear ratio, positions the same 
shaft in vernier increments in either direction. As the reset com- 
mand signal is of steady-state type, the built-in pulse generator 
permits use of the driving motors for the reset function. 


STEPPER MOTORS corporation 


Subsidiary of California Eastern Aviation, Inc. 


7442 West Wilson Avenue ¢ Chicago 31, Illinois 
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(Mass.) industrial research firm. He 
succeeds Raymond Stevens who te- 
tired as the company’s head. 

Gen. Gavin joined A. D. Little in 
1958 after serving as chief of Army 
Research and Development. He spent 
30 years in Army service. Last March 
he was promoted to executive vice- 
president of the Little concern. 


Nichinson New President 
At Kollsman Instrument Corp. 


David B. Nichinson took over as 
president of Kollsman Instrument 
Corp. last month, replacing Victor E. 
Carbonara who has retired. With 
Kollsman for 15 years, Nichinson was 
previously on the staff of MIT’s Radi- 
ation Lab. The New York firm is a 
subsidiary of Standard Coil Products 
Co., Inc. 


Other Important Moves 


Dr. Geza §. Gedeon is the new 
head and research scientist of the 
Astrodynamics Laboratory, a unit of 
the Astro Systems and Research Labs 
at Northrup Corp.’s Norair Div., 
Hawthorne, Calif. Dr. Gedeon was a 
senior scientist at Ford’s Aeronutronic 
Div. and at Chance Vought Aircraft’s 
Research Center. 


Dr. Morton B. Prince has become 
vice-president and general manager of 
the Semiconductor Div. of Hoffman 
Electronics Corp. He succeeds Mau- 
rice E. Paradise, now corporate vice- 
president for product planning of the 
Los Angeles firm. 


Benjamin H. Ciscel has been ap- 
pointed general manager of the 
Vought Electronics Div. of Chance 
Vought Aircraft, Inc., Dallas, Tex. 


Solomon Charp is now the manager 
of navigation and control electronic 
equipment for GE’s Missile and 
Space Vehicle Dept. in Philadelphia. 
The operation he heads is newly or- 
ganized to meet increased demands 
for components for guidance and con- 
trol of space vehicles. 


Arnold F. Kaulakis has been named 
acting general manager of engineer- 
ing at the Esso Research and Engi- 
neering Co., Linden, N. J. In this 
post he will be responsible for the 
800-man engineering support force 
for the world-wide petroleum refining 
and _ petrochemical operations of 
Standard Oil Co. (N. J.). 
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Steel process control 


From “End-Point Temperature 
Control of the Basic Oxygen Fur- 
nace”, by W. J. Slatosky, Jones & 
Laughlin Steel Corp. Paper pre- 
sented at a meeting of the Ameri- 
can Institute of Metallurgical En- 
gineers, 1960. 


To effect better control of end- 
point temperatures at the J & L basic 
oxygen furnace plant, a set of mathe- 
matical equations has been developed 
which facilitates the computation of 
thermally balanced charges. The equa- 
tions, given in the appendices, are the 
product of thermochemical analysis 
of the process and are designed to cal- 
culate the required scrap, lime, and 
hot metal additions in terms of a num- 
ber of independent variables. 

Having formulated the mathemati- 
cal model relating process variables 
to the finishing temperature, a special 
slide rule was developed (described 
and illustrated in the paper) to solve 
the end-point temperature equation. 
During a trial period, 249 of 323 cal- 
culated heats agreed to within plus 
or minus 20 deg F (at a nominal fin- 
ishing temperature of 2,900 deg F), 
and 297 were within 30 deg F of the 
measured values. From these results 
it was concluded the model was mathe- 
matically sound. 

During another trial period from 
April 6 to May 9, 1959, 227 of the 
heats produced weie charged with ad- 
ditions calculated from the mathemati- 
cal model using the slide rule. A 
total of 148 of the 227 test heats, or 
65.1 percent, were within the per- 
mitted temperature range at the com- 
pletion of the heat. As a comparison, 
a composite of all the other heats 
made without the aid of the mathe- 
matical model during the time of the 
trials showed that only 48.3 percent of 
the heats were within allowable range. 
In addition to the 16.8 percent im- 
provement over the composite per- 
formance, the heats computed with 
the slide rule are normally distributed, 
whereas the other heats yield a skewed 
distribution. 

Numerous reasons can be advanced 
to explain the occurrence of off-tem- 
perature heats even when using the 
slide rule. Among these are error in 
the mathematical model, erroneous 
iron temperature measurements caused 
by smoke interfering with the two- 
color pyrometer, long delays, error in 
weighing additions, and computa- 
tional errors. Some of these error 
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Safe. Easy to operate. 
Rate of voltage application conforms 
to ASTM standards. Portable 


models. Floor mounted models. 


These Sorensen a-c and 
a-c/d-c testers completely 
cover the voltage range 
from 0-150,000 vac 

and 0-300,000 vde with 


current capacities as high A-C AND A-C/D-C TESTERS 
as 4000 milliamperes a-c 

(plus 5 milliamperes d-c for 

the a-c/d-c units). 


All components are conservatively rated 

to insure maximum life and top performance. 
Maximum rated current can be drawn 
continuously over the entire output range 

and overloads may be supplied for a short time 
to “burn” faults. Easily reversible d-c 
polarity of a-c/d-c testers. 


New Catalog. Just off the press, 
Sorensen’s new 82-page catalog gives 
technical data on the complete line 

of Sorensen a-c and a-c/d-c testers 

as well as on Sorensen h-v d-c supplies, 
h-v electrostatic generators, 

low-voltage d-c power supplies, 

a-c line-voltage regulators, and frequency 
changers. Extensive power supply 
application data is also given. Write for 
your copy today. Sorensen & Company, 
Richards Ave., South Norwalk, Conn. 
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WHY WAIT FOR RELAYS? 


GET THE RELAYS YOU NEED 
IMMEDIATELY FROM 
YOUR LOCAL DISTRIBUTOR 


ADVANCE RELAYS 
ENGINEERED FOR TOMORROW 
AVAILABLE TODAY 


TELEPHONE © LATCHING 
HIGH VOLTAGE © MINIATURE 
ANTENNA © MILITARY 

SENSITIVE © OVERLOAD 
COAXIAL © POWER TRANSFER 
DELAY © POWER CONTROL 
CONTACTORS © GENERAL PURPOSE 


ELGIN Has a New 
72-Page CATALOG for 
You — Request One Today 
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Variable and ~ lll 
Polystyrene Capacitors 


All types have Type PV and Type PW variable polystyrene capacitors in 
power factor bathtub containers. Highly stable and adjustable over the 
of less than range of plus - minus 1% of the nominal capacitance. 


05% at Type PX close tolerance polystyrene capacitors in bathtub 

1000 CPS. containers. Tolerances available 1%, 0.5%, 0.25% and 
0.1%. Stability better than 0.1% per year of life. 

Write for free bulletin Type PV. 


Plast, Capacita, 


2620 N. Clybourn Chicago 14, Illinois’ 0! 8-3735 
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ABSTRACTS 


sources are being corrected. 

In particular, it was decided that 
an electronic computer rather than 
the special slide rule would be better 
suited for use by operations personnel 
because of its greater accuracy and 
ease of operation. The computer is 
on order and will be installed in a 
few months. It is expected that the 
reduced number of off-temperature 
heats will be accompanied by signifi- 
cant financial returns. 


Researching computers 


From “Research on Automatic 
Computation Techniques and Com- 
ponents”, by W. M. Becker, R. W. 
Clark, and M. S. Hall, National 
Cash Register Co. for Wright Air 
Development Center, U.S. Air 

Force, Dec. 1958. Now available 

from Office of Technical Services, 

U.S. Dept. of Commerce, Wash- 

ington 25, D.C. as PB 151834, 176 

pp-, $3. 

This research was accomplished in 
three phases. The first was an engi- 
neering study of the implementation 
of a notation scheme to serve as the 
arithmetic unit of a digital computer. 
Wavs were found for operating mag- 
netic core function matrices faster 
and more reliably and for operating 
large magnetic core matrices at high 
speeds without redundant circuitry. In 
the second phase, processing methods 
were sought through study of barium 
titanate films which might lead to fer- 
roelectric behavior suitable for use in 
computer devices. Phosphor-photo- 
conductor research, the third phase, 
was aimed at making a fast electroop- 
tical switch for logic circuitry in digital 
data processing systems by using the 
best combination of polycrystalline 
electroluminescent (EL) and photo- 
conductive (PC) materials. Cadmium 
sulphide PC materials provided the 
most promising approach to functional 
EL-PC switches, but the minimum 
switching time was 1 millisec. 


Control symbols 


From “International Federation of 

Automatic Control Information 

Bulletin 6”, by E. Gerecke in co- 

operation with J]. F. Coales and V. 

Broida. Copies available from the 

Secretary of IFAC, 79 Prinz-Georg- 

Str., Dusseldorf, Germany. 

The penetration of automatic con- 
trol techniques in varous engineering 
fields emphasized the lack of, and 
need for, graphical symbols for con- 
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trol which could be applied to all fields 
of engineering. ‘To expedite the in- 
ternational acceptance of graphical 
symbols useful for control engineering, 
IFAC has published and invites criti- 
cism of the information bulletin con- 
taining the graphical symbols proposed 
by Prof. Gerecke. 

The bulletin details several cate- 
gories of symbols: signals and quanti- 
ties transferred; mathematical combi- 
nations of signals including algebraic 
and logic operations; linear and non- 
linear transfer elements; amplifiers and 
transmitters; storage elements; and 
measuring and recording devices, final 
control elements, and contro] units. 

The symbols are presented in tabu- 
lar form along with a written descrip- 
tion or designation. Frequently an 
alternate symbol is listed. The basic 
presentation is in English, but the 
bulletin also contains translation of 
terms into French and German. 


Calibrating rotameters 


From “The Calculation of the Sus- 
pended-Body Flowmeter’, by K. 
Lutz. Regelungstechnik, October 
1959, pp. 355-360. In German. 


The formulas for calculating the 
characteristics of a variable area flow- 
meter are derived from the linear and 
quadratic resistance laws for bodies 
placed in a fluid. A table of calibra- 
tion factors permits the transformation 
of one formula into the other. This 
empirically established table of cali- 
bration factors represents the whole 
field of characteristics of a variable 
area flowmeter. It gives information 
on the behavior of the flowmeter, in 
particular with regard to properties of 
the fluid like density and viscosity. 

The calibration scale for any fluid 
can be calculated from the derived 
formulas and from the calibration fac- 
tors, if the dimensions of the particu- 
lar flowmeter are known. So empirical 
calibration is no longer needed. 


Briefly noted 


From “Design of Single Frequency 
Filters”, by F. F. Fulton, Jr., Na- 
tional Bureau of Standards Tech- 
nical Note 23, Aug. 1959. Available 
from Office of Technical Services, 
U.S. Dept. of Commerce, Washing- 
ton 25, D.C., as PB 151382, 10 
pp., $0.50. 

Design procedures are shown for 
filters formed by a number of identi- 
cal resonant circuits loosely coupled 
together. They are required to accept 
one narrow band of frequencies and 
reject another narrow band somewhat 
removed in frequency, without special 
shape requirements on the attenuation 
curve between these designs. 
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‘control systems 
and components 


Complete systems available 


In addition to 
complete systems 
we can supply : 


and the control of 


new equipment. 


INVESTIGATE the unique Seneca Falls MECHANICAL POWER 
AMPLIFIER. It’s a simple, power servo drive in striking contrast to 
the more complex electrical and hydraulic devices. Years of service in 
rugged applications prove its dependability, long life and negligible 
maintenance. Its excellent dynamic response permits the design of 
high sensitivity control systems. 


Write Dept. C for Bulletin EE1008 and, if pos- 
sible, tell us all you can about your control 
problem. 


SENECA FALLS, MACHINE CO. 
ELECTRONICS DIV. * SENECA FALLS, N. Y. 
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Why pay for an expensive alignment tel- 
escope when a Tinsley Autocollimator may 
meet your requirements for hundreds of 
dollars less? The Tinsley Autocollimator is 
easily capable of reading precise angles to 
Y% minute accuracy. 20 power. Inter- 
changeable light source and eyepiece for 
viewing from end or side. Fits standard 
fixtures. Economical and dependably ac- 
curate. Write for price and information. 


TINSLEY 


LABORATORIES, INC. 


2526 Grove Street - Berkeley 4, California 


NEW BOOKS 


RUSSIAN BOOKS 


The following brief reviews of a 
number of recent Russian technical 
books are presented for two reasons. 
First, these books may be a source of 
learning for some CONTROL E\NGINEER- 
ING readers, despite the language bar- 
rier, Copies of all of the books listed 
are available from the Library of Con- 
gress. In addition, the reviews should 
provide some insight to the state of 
the control art in Russia. Of particular 
interest is the number of copies of 
each book published, a figure indica- 
tive of the size of the field and the 
relative importance given the subject. 


PriNcIPLES OF ‘THEORY, DESIGN 
AND CatcuLation. F. A, Stupel, 
1956. 354 pp. 20,000 copies printed. 


Ihe author discusses the funda- 
mentals of the theory and design of 
relays and contact mechanisms based 
on various principles of operation, i.c., 
electromagnetic, induction, etc. He 
also considers problems in the design 
of coils, contact systems, springs, and 
supports. There are 39 references, all 
Russian. 


ADJUSTMENT OF AUTOMATIC CON- 
TROLLERS IN THE METALLURGICAL 
Inpustry. P. G. Baranovskiy, 1959. 
123 pp. 4,000 copies printed. 


The author presents the basic theory 
of automatic control and describes 
types and characteristics of systems 
and elements for the automatic control 
of thermal processes. Problems in ad- 
justing thermal control systems and 
some distinguishing features of the 
physical processes of automatic control 
in metal-cutting plants are discussed. 
Types of test benches and methods of 
testing and adjusting controllers are 
described. There are 10 references, all 
Russian. 


MartruHeMaticaL Meruops or In- 

VESTIGATION OF AUTOMATIC CoNn- 

rRoL Systems. V. I. Zubov, 1959. 

323 pp. 6,500 copies printed. 

In the book a study is made of the 
mathematical methods of studying the 
stability of steady state motions in non- 
stationary systems, and an evaluation 
of the deviations of transient processes 
from steady state motions is given. 
Methods are presented for construct- 
ing the solutions of certain systems of 
differential equations, to which a wide 
class of automatic control systems is 
reduced. Certain methods of finding 
the probability characteristics of sto- 
chastic transient processes are de- 
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VIBRAMITE 
vibration pickup 


Special 

eddy current 
damping gives 
flat response 


The MB Vibramite is the only 
damped vibration pickup available 
with a flat response curve over its 
entire operating range. 

Other highly desirable features 
include extremely small size, light 
weight and omnidirectional use. 





Check these specifications: 
Frequency range 20-2000 cps 


Sensitivity 96.3 mv/in/sec. (Calibrated 
+1% at 100 cps into 2 
megohm load at 80°F) 


1” x 1.42” 
2.75 oz 
15 cps 


Eddy current 
(nominal .65 of critical) 
50 g maximum 
(minimum limited only by 
recording equipment) 


Size 

Weight 

Natural frequency 
Damping 


Acceleration 
output limit 


Max. shock without 
damage 1000 g 











Complete technical details in 
Bulletin 112A. Write... 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1101 State Street, New Haven 11, Conn. 
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scribed as well as methods of finding 
stability regions in the space of initial 
data and in the space of allowable 
values of the parameters. 


FUNDAMENTALS OF THE THEORY OF 
AuToMATic Controt Systems Us- 
ING RaproactivE Isoropgs. N. N. 
Shumilovskiy, 1959. 141 pp. 5,000 
copies printed. 

The book sets forth the theory, 
evaluation methods, and _ principal 
schematic diagrams of automatic con- 
trol systems based on the utilization 
of nuclear radiation. The following 
topics are covered: use of radioactive 
isotopes in instrument design and level 
measurement, methods of increasing 
the accuracy of radiation intensity 
measurement and thickness measure- 
ment, automatic flaw detection with 
gamma rays and dynamic compensa- 
tion, apparatus employing alpha radia- 
tion, methods of density measurement, 
relay control methods, and backward 
scattering of beta radiation. 


CoMPUTATION TECHNIQUE AND ITS 
App.icaTion. S. A. Lebedev et al., 
1959. 391 pp. 5,000 copies printed. 


The authors present fundamentals 
of digital computers and their sub- 
systems like arithmetic units, internal 
and external memories, and control 
devices. They discuss the possibility 
of constructing computers using semi- 
conductor elements and consider the 
fundamentals in the theory of logical 
circuits. Also covered are problems of 
programming, and explanations of the 
operation of analog computers and 
their elements are given. Brief discus- 
sion of mathematical instruments is 
also presented. 


AUTOMATION OF PropuctTion, 1959. 

31 pp. 47,500 copies printed. 

The three articles comprising this 
pamphlet discuss the status of auto- 
mation in machinery-manufacturing 
operations, review the prospects for 
automation of the chemical industry, 
and briefly describe computing devices 
necessary for automating production 
processes. 


Use or ELectronic ANALOG Com- 
PUTERS IN THE ANALYSIS OF AUTO- 
MATIC ConTROL Sysrems. B. Y. 
Kogan, 1959. 492 pp. 10,000 copies 
printed. 


The contents of this book are con- 
fined to a detailed study of de elec- 
tronic analog computers and_ their 
basic computing elements and to 
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NEW! Meter Recorder Marking System 


with a Slip-In Cartridge ! 





Esterbrook’s customized 
marking systems 
guarantee you 

complete satisfaction . .. 
for any type recorder... 
Circular ... Strip... 
Miniature or Plotter! 


Customized for your meter recorder by Esterbrook 


Give your customers the benefit of ink 
cartridge convenience, and a century of 
experience in the recording product you 
build. . . . Now—Esterbrook’s Technical 
Products and Instrument Division will 
custom-design and build a new marking 
system for your product. 

The result: no more breaking down... 


no more hand fixing! With Esterbrook’s 
new customized meter recorder you'll con- 
serve operating time ...and you'll receive 


‘the free design time and engineering as- 


sistance of experts! 

For further information write to: 
Technical Products & Instrument Division 
The Esterbrook Pen Co. * Camden 1,N. J. 


TECHNICAL PRODUCTS AND INSTRUMENT DIVISION 


CAMDEN 1, NEW JERSEY 


CIRCLE 201 ON READER SERVICE CARD 201 





DESIGN 
TIMING 
RELIABILITY 
INTO 
YOUR 
CIRCUITS 


specify... 


NEW MINIATURE AGASTAT’ 


time] delay | relays 


® Recycling virtually i less than .020 seconds 
® Unaffected by Voltage fluctuations (from 18 to 32 volts DC) 
@ Repeat Accuracy +5% 








This new AGASTAT meets the environmental requirements of MIL-E- 
5272A. Built to withstand the rugged conditions of missile and aircraft 
applications. Lightweight—less than 15 ounces. Space saving—45/” 
tall... 1'%6" wide... 114” deep. Adjustable, with time delays from 
.030 to 120 seconds. Choice of operation for energizing or de-energiz- 
ing. For complete specifications, write Dept. A37-520, 


AGASTAT TIMING INSTRUMENTS 


ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
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CUSTOM 


CHART PAPERS 


You get the full potential from your recording systems when 
you use custom-made chart papers by Ludlow. Precision 
engineering assures constant fidelity. Write for free samples 
and literature or tell us your requirements. Ludlow Papers, 
Ware, Massachusetts, Dept. 162. 
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NEW BOOKS 


problems of applying analog com- 
puters to dynamic automatic control 
systems. The book is based on the 
assumption that the operational am- 
plifier has idealized frequency charac- 
teristics; i.e., its transfer function in 
the open-loop state is a constant num- 
ber equal to the amplification co- 
efficient. The book makes use of the 
results of a number of electronic ana- 
log computers of the EMU type, de- 
veloped by the author and his col- 
leagues at the Institute of Automation 
and ‘Telemechanics. 


Exectrric AnaALocinc. I. M. Tetel- 
baum, 1959. 319 pp. 10,000 copies 
printed. 


This book explains the fundamental 
ideas underlying the construction of 
electrical analog devices and the prin- 
ciples of their application. In the first 
part the general characteristics of ana- 
loging methods are given, and a study 
is made of similitude problems and 
analoging precision. The second part 
is devoted to the analoging of physical 
systems, that is to problems on the 
solution of ordinary differential equa- 
tions by means of direct analogs, struc- 
tural and matrix models. In the third 
part a study is made of the solution 
of boundary value problems on models 
in the form of electrically conducting 
media and electric grids. There are 26 
Russian and one English reference. 


SYNTHESIS OF STRUCTURES OF HIGH- 
PRECISION AUTOMATIC CONTROL 
Systems. M. V. Meyerov, 1959. 
284 pp. 10,000 copies printed. 


This book deals with the synthesis 
of precision automatic control systems. 
It is claimed to be the first book to sys- 
tematically present material on the 
synthesis of structures of automatic 
control systems. The term structure 
as used in the book refers to the dy- 
namic properties of systems and their 
component elements, as described by 
their transfer functions. Thus, physi- 
cally different systems (electric, hy- 
draulic, etc.) can have the same struc- 
ture. Problems of stability are dealt 
with, and an attempt is made to estab- 
lish scientific principles for the design 
of systems stable at any value of gain. 
A discussion of the behavior of several 
automatic control systems with accom- 
panying equations and diagrams is 
presented. General procedures for solv- 
ing typical automatic control prob- 
lems are outlined. Other related prob- 
lems are also discussed. Examples of 
the material discussed in each chapter 
are given. There are 49 references: 
42 Russian, and seven English. 
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MODERN 
ELECTRONIC 


GIVES PRECISE 
MOTOR SPEED 


CONTROL 
1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant forque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 
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Writer's Guide 


A TECHNICAL WRITER'S HANDBOOK. 
Margaret Norgaard. 241 pp. Pub- 
lished by Harper & Bros., New 
York. $3.75. 


Technically trained people often 
have trouble when they must turn 
writer to produce reports, proposals, 
articles, or even speeches. While this 
new handbook cannot be recom- 
mended as a one-volume bible for the 
technical writer, it presents some fea- 
tures that should make it a useful 
addition to an author’s bookshelf. 
Used with a good dictionary and 
copies of the more classic writer’s 
companions (the author lists suggested 
reference books in an appendix), the 
book gives aid in the areas that plague 
particularly the technical writer. 

The author, a technical editor for 
Remington Rand-Univac, gives her 
philosophy of writing and some guides 
to how go about it. Her rules for 
grammar, punctuation, abbreviations, 
etc. are made more valuable by their 
reflection of up-to-date practice. Es- 
pecially useful is the attention to the 
problems in technical literature in- 
volving hyphens, abbreviations, etc. 








TYLOK 


TUBE COUPLINGS 





“TYLOK” 4 Seal Coupling design is 
the most complete answer to difficult 
tube problems on the market today. 

“TYLOK” couplings will hold against 
all pressures, temperatures, vibrations 
and surge beyond the rupture yield point 
of any tubing, regardless of material or 
wall thickness . . . including all brands 
of plastic tubing. 

There is a “TYLOK” tube coupling to 
meet your needs, write, wire or 
for further information and catalog. 











© Build high strength rod, 
tube, and pipe structures in 
minutes . . . for permanent 


or temporary use. 


© Save costly design and 
machining time on precision 
assemblies and fixtures. 


Speed and ease of assembly, superior 
strength, and infinite adjustability! 
Rotocon assemblers are ideal for 
hundreds of permanent or temporary 
applications with metal rods, tubes, 
and pipe. . ; 
Joint and grip 
Toothed faces of 
paired assemblers 
form rigid joints | 
at every 10-degree | 
increment, includ- | 
ing right angles. a ene. Soe 
Tight, all-around grip never burrs, 
scores, or distorts round stock —won’t 
squeeze tubing out of shape. Only a 
screwdriver or a coin is needed to 
tighten the screw in the nesting nut. 
snaps on over existing 
structures and fittings. No need to 
take apart existing assemblies to 
make additions. 
Sample offer— Your request on your 
letterhead will bring you a sample kit 
of Rotocon assemblers, free and post- 
paid. You have to see them, hold them 
in your hand, and experiment with 
them in your own application situa- 
tions to discover the time and money 
they can save you. 


BEDE 


Se _ tein DEVICES 


4 ite Ave., Paterson, NJ Te 


16606 WATERLOO ROAD 
ARmory 4-8989 CLEVELAND 10, OHIO 


Rotocon Division 
UNISTRUT PRODUCTS COMPANY 
937 West Washington Bivd., Chicago 7, Ill, 
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Electromechanical 
Components and Systems 
Capability 
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AIRESEARCH POSITIONING 
CONTROL SYSTEMS 


One of the many types of high speed 
positioning control systems produced 
by AiResearch, the system above am- 
plifies electric signals from an inertial 
guidance source and adjusts the control 
surfaces of the missile or drone to 
maintain a predetermined course. 

AiResearch diversification and ex- 
perience provide full capability in the 
development and production of elec- 
tromechanical equipment and avionic 
controls for aircraft, ground handling, 
ordnance and missile systems. 

— pa. 

A.C. and D.C. Motors, Generators and 
Controls + Inverters « Alternators « 
Linear and Rotary Actuators « Power 
Servos « Hoists « Electrical Pyrotech- 
nics « Antenna Positioners « Position- 
ing Controls « Temperature Controls « 
Sensors « Williamsgrip Connectors « 
Static Converters. 


Your inquiries are invited. 


~ 63 --—--- 


AiResearch Manufacturing Division 


Los Angeles 45, California 
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| MEETINGS 


MAY 


Institute of Radio Engineers, 12th 
Annual National Aeronautical Elec- 
tronics Conference, Dayton, Ohio 

May 2-4 

Instrument Society of America, Sixth 
National Flight Test Instrumenta- 
tion Symposium, Hotel Del Coro- 
nado, San Diego, Calif. | May 2-5 

Western Joint Computer Conference, 
sponsored by IRE, AIEE, ACM, 
Jack Tar Hotel, San _ Francisco, 
Calif. May 3-5 

National Association of Relay Manu- 
facturers, Eighth Annual Confer- 
ence, Oklahoma State University, 
Stillwater, Okla. May 3-5 

Instrument Society of America, Third 
National Power Instrumentation 
Symposium, San. Francisco State 
College, San Francisco, Calif. 

May 9-11 

Instrument Society of America, Instru- 
ment-Automation Conference and 
Exhibit, Civic Auditorium and 
Brooks Hall, San Francisco, Calif. 

May 9-12 

Amercian Society for Metals, Second 
Southwestern Metal Congress and 
Exposition, Sheraton Dallas Hotel, 
Dallas, Tex. May 9-13 

Electronic Components Symposium, 
sponsored by IRE, AIEE, EIA, 
WEMA, Washington, D. C. 

May 10-12 

American Material Handling Society, 
Third Western Regional Material 
Handling Show and Packaging Cav- 
alcade, Great Western Exhibit 
Center, Los Angeles, Calif. 

May 11-13 

Superconductive Techniques for Com- 
puting Systems Symposium, spon- 
sored by Office of Naval Research 
(Information Systems Branch), 
Dept. of Interior Auditorium, 
Washington, D. C. May 17-18 

American Society of Mechanical En- 
gineers, Production Engineering 
Conference, Hotel Schroeder, Mil- 
waukee, Wis. May 17-19 

American Society of Mechanical En- 
gineers, Oil and Gas Power Con- 
ference and Exhibit, Muehlebach 
Hotel, Kansas City, Mo. May 22-26 

Ninth National Telemetering Confer- 
ence, Miramar Hotel, Santa Bar- 
bara, Calif. May 23-25 

American Society of Mechanical En- 
gineers, Design Engineering Con- 
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Heart of the 
Control System 


‘DIAMOND HB? 
Relays 


“Diamond H” relays have a 
record of high reliability proved 
in critical applications ranging 
from missiles to nuclear sub- 
marines. That’s why increasing 
numbers of engineers are speci- 
fying “‘Diamond H”’ relays in 
the heart of their control 
systems. ' 

Hart makes these basic types 
of relays: 


® Miniature, hermetically- 
sealed aircraft-missile re- 
lays, (Series R and Series S). 

® High-speed sensitive polar- 
ized relays (Series P). 

® General purpose! AC/DC re- 
lays (Series W) 


Technical literature out- 
lining the wide range of char- 
acteristics available in each 
type relay is yours for the 
asking. You’ll find ‘‘Diamond 
H” engineers skilled in opti- 
mizing the basic designs to meet 
your specific requirements. 

Tell us your needs . . . by 
phone, wire or letter. 


<i> 
“HART 


MANUFACTURING COMPANY 


165 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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Series 120000 


and intensity 


mounting 





© High-contrast viewing screen 

© Digit style of your choice 

© Colored digits of your choice 1” wide 

© individual units may be 1414” high 
group assembled for panel 3%” 


WRITE TODAY FOR 
COMPLETE SPECIFICATIONS On 
Representatives in principal cities 


Proven, Dependable, Rear-Projection Type 


‘ DIGITAL 
IN-LINE DISPLAYS 
A Model and Size for ae 

Your Every Requirement a 4 ? 


Series 80000 








PRICES 
Series 10000 


1%.” wide 
258” high 


OUTSTANDING FEATURES 5%” long 


© All digits displayed on 
front viewing screen Series 80000 


© All digits uniform in size 3%” wide 


$18.00 each 


5%” high 
11'5,4” long 
$33.00 each 


Series 120000 


long 
$35.00 each 





Quantity Prices 
Request 











INDUSTRIAL ELECTRONIC ENGINEERS, Inc 
5528 Vineland Avenue 
North Hollywood Calif 


\\ 
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INSTANT PRESSURE REGULATION 
0 TO 3000 PSI 


Hi/LO HAND LOCADER 





Port Size 
Pressures 


Flow 


Operating 
Temperatures 
Weight 





GENERAL SPECIFICATIONS 





%” tube per AND 10056 


Operating—-0-3000 psi 
Proof —6000 psi 
Burst—7500 psi minimum 


Exceeds J other 
loader available 


—0 to 160°F 
24 pounds 








WRITE TODAY for complete details 


1717 N. Chico Ave. 


DiISTRIBUTIO! 
CORPORATI 


| 
| 
| 
N | 
ON 
So. El Monte, Calif. 
Representatives in principal cities 
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MAY 1960 


>rpPrerererFrrRFr?r ?> PF 


Au ven 


MODEL CZ-3 MINIATURE MAGNETIC COUNTER 
WITH SINGLE STROKE RESET JOINS 


THE FAMOUS ABRAMS LINE 


FASTER — Up to 30 counts per second 
FAST RESET — Single stroke lever 
LARGER NUMERALS for easy reading ~ 5/32 high x 7/64 wide 
LIGHTER — Only 3% oz. 

SMALL SIZE — 15/16” x 1%" x 2” 

ACCURATE! — No loss of count 

LONG LIFE — Over 3 million counts 

LOW POWER requirement — 8.4 watts 


RUGGEDIZED — For extreme environments of vibration, shock, temperature’ 


Available from stock with external case molded in “Cycolac” for 
rugged use. Case is designed to facilitate nesting or stacking. Four 
figure, additive counter, Model CZ-1, direct current models for 6, 12, 
24 and 110 VDC. Please specify DC voltage when ordering. Use 
for hundreds of applications on digital readout, statistical, airborne 
recording, camera data chambers, etc., where size speed and ac+ 
curacy are required, 


NSTRUMENT CORPORATION | 
j06 EAST SHIAWASSEE STREET 
SING 1, MICHIGAN, U. S$. A. | 


oC a a 
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NEW | TALLY High-Speed Plotter 





re 


MECHANISM POSITION 
INDICATORS 


~—_—_-_ 
—_—> SECONDARY 
BUFFER 


COMPARISON CIRCUITS 

a TONTROL MOTIVATION CONTROLS 

aaa DIAGRAM—201 PLOTTER PRINT aad te 
he i | MECHANISM RESTORE 


J 


Tally’s Model 201 Digital Plotter plots 
computer results immediately, spotlighting 
performance without delay. The Model 201 
plots visibly at speeds to 8 points per sec- 
ond with four symbols, or to 20 per second 
with random symbols. 

Write for more detai/s: 

Technical literature /s availab/e. 

Please address DEPT 21. 


(hit > 

















1310 Mercer Street * Seattle 9, Wash. * Phone MAin 4-0760 
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50% lighter...40% smaller 


New Daven miniature 
Egg Crate LC filter 


For airborne and missile applications, Daven offers an Egg 
Crate LC filter 50% lighter and 40% smaller than any previ- 
ous filter! Frequency range is 0.4 MC to 60.0 megacycles... 
temperature range is -55°C to +125°C... different physical 
configurations are available depending on allowable space. 

Utilizing no critical materials, it is excellent for medium 
and wide band-width filters. Can be used for bandwidths 
down to 0.5%, if under-coupled response is permitted. 

For more information on these filters or engineering 
assistance on filters extending into the low audio range, 

write today. 


 DAVEN « 


LIVINGSTON, NEW JERSEY 


Today, more than ever, the Daven (©) stands for dependability 
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STANDARD ONE-COUNT SWITCHING 


ONE-CYCLE SWITCHING 


MODEL FOR DIFFERENTIAL COUNTING 


use the new Cyclo-Master 
continuous cycling preset counter and controller 


e Counts electric impulses at speeds up to 1000 cpm 

@ Single-knob dial settings from 1 to 100 counts 

e Recycles with absolutely no interruption of counting process 

@ Quick manual reset to zero » Wall or panel mounting 

* Applications in control of: automatic reversing, batch 
counting, box-making machinery, container filling, 
instrumentation, punch press cutoff, roll sizing, sheet 
counting, paper converting machinery, packaging machinery, 
interval indication, linear measuring, adding and subtracting 
to preset maximum and minimum limits, etc. 


WRITE FOR BULLETIN 700 


COUNTER «4 CONTROL CORPORATION 


4509 WEST BROWN DEER ROAD © MILWAUKEE 23, WISCONSIN 
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McGRAW-HILL BOOK NEWS 


MOTOR SELECTION 
AND APPLICATION 


Just Published—Clearly and simply presents 
information necessary to determine the 
proper application of electrical motors for 
industrial service. Describes motor selec- 
tion in terms of load characteristics ; service 
requirements; space limitations; and safety 
and duty cycle requirements. Charts, tables 
and illustrations relate these load variables 
to specific motor characteristics. By Charles 
C. Libby, Fairbanks, Morse & Co. 480 pp., 
220 illus., $13.50 


~~~ 


SERVOMECHANISM PRACTICE 


Just Published—A practical approach to 
handling the problems of servomechanism 
design, manufacture, and operation. Gives 
essential data on circuitry, electrical, and 
mechanical components ... shows what to 
do about these components to achieve the 
limit of their performance. Revised edition 
includes information on transistor ampli- 
fiers and transistor mag amps, gyroscopes, 
accelerometers, and other developments 
By W. R Ahrendt, U. of Maryland; and 
Cc. J. Savant, Jr., American Electronics, 
Inc. 2nd Ed., 566 pp, 515 illus., $12.50 


FEEDBACK CONTROL SYSTEM 
ANALYSIS AND SYNTHESIS 


Just Published—tTreats feedback control 
systems in a logical manner, unifying the 
diverse methods of analysis, and presenting 
fundamentals explicitly and clearly. Ex- 
plains principles of obtaining differential 
equations for electrical, mechanical, hy- 
draulic and heat flow systems. Takes up 
various methods of analysis such as root 
locus and frequency techniques, and com- 
pensation techniques. By John D’Azzo, and 
and C. Houpis, Assoc. Profs. of Eng., Air 
Force Instit. of Tech. 566 pp., 484 illus., 
$13.50 





4 


S| 


INDUSTRIAL INSTRUMENT 
SERVICING HANDBOOK 


Just Published—Shows how to service, main- 
tain, and calibrate industrial process instru- 
ments and controls easily and quickly. Gives 
complete maintenance and repair details for 
over 50 major types of modern industrial 
instruments; fundamentals of operation, 
testing, and adjustment; and quick answers 
to hundreds of every-day problems likely to 
arise in the shop or field. By G. C. Carroll, 
Olin Mathieson Chemical Corp. 848 pp., 375 
illus. and tables, $16.00 (Available on terms.) 


10 DAYS’ FREE EXAMINATION 


i) 
| McGraw-Hill Book Co., Dept. CE-5 
| 327 W. 41st St., New York, 36, N. Y. 
| Send me book(s) checked below for 10 days’ ex 
amination on approval. In 10 days I will remit for 
| book(s) I keep plus few cents for delivery costs, 
and return unwanted book(s) postpaid. (We pay 
l delivery costs if you remit with this coupon—same 
| return privilege. ) 
© Libby—Meotor Selection and Applicati $13.50 
| © Abrendt, et al.—Servomech. Prac.—$12.50 
| OC D'Azzo & Houpis—Feedback Control System 
| Analysis and Synthesis—$13.50 





0 Carroll—ind. Instr. Serv. Hdbk., $16.00 
(Terms: $6 in 10 days; $5 monthly) 


For price and terms outside U.S. 
Breen McGraw-Hill intl, N.Y.C. 36 
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‘ Electronic 
: Instrumentation 
Specialists 


to develop 


Sophisticated 
Measurement 
Systems 


for advanced research 
studies in... 


THERMONUCLEAR FUSION 
ION PROPULSION 
PLASMA PHENOMENA 
PARTICLE PHYSICS 
GASEOUS ELECTRONICS 


Openings have resulted from a 
dramatic expansion in our cor- 
porate-sponsored program of re- 
search into the fundamental 
nature of matter. Work is pro- 
jected over many years and 
offers excellent job stability. 
The assignments require men 
of ingenuity and imagination. 
To men with these character- 
istics, we offer an attractive op- 
portunity for early professional 
accomplishment and recognition. 


e@ BEE or MSEE to design and de- 
velop microsecond pulse am- 
plifiers and timing circuits. 
Requires good understanding 
of physics and active network 
analysis. 


BEE or MSEE to assume respon- 
sibility for the electronic 
phases of instrument system 
design. Requires a mastery of 
physics, logical circuitry, ac- 
tive networks and experience 
with one or more of the fol- 
lowing: system design, low 
noise DC or pulse amplifiers, 
high voltage circuits, nucle- 
onics, radio frequency circuits, 
servo-mechanisms. 


MS Physics to develop advanced 
measurement techniques and 
design shaped magnetic and 
electrical field generators. Re- 
quires an appreciation for 
precision measurements and a 
thorough grounding in the 
techniques of experimental 
physics. 


Write in confidence to 
MR. W. S. WALSH 


RESEARCH LABORATORIES 
UNITED AIRCRAFT CORPORATION 
400 Main St., East Hartford, Conn. 
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MEETINGS 





ference and Show, Statler-Hilton 
Hotel, New York May 23-26 


International Instruments, Electronics, 
and Automation Exhibition, Olym- 
pia, London, England May 23-28 


Institute of Radio Engineers, Seventh 
Region Conference, Seattle, Wash. 
May 24-26 


Conference on Automatic Computing 
and Data Processing in Australia, 
University of Sydney, University of 
New South Wales May 24-27 


JUNE 


Instrument Society of America, Sixth 
Annual Instrumental Methods of 
Analysis Symposium, Montreal, 
Canada June 1-3 


American Society of Mechanical En- 
gineers, Semi-Annual Meeting and 
Aviation Conference, Statler-Hilton 
Hotel, Dallas, Tex. June 5-9 


Material Handling Institute, New 
England Show, Commonwealth 
Armory, Boston, Mass. June 6-8 


American Institute of Electrical En- 
gineers, Summer General Meeting, 
Atlantic City, N. J. June 20-24 


Second National Conference on Elec- 
tronic Standards and Measurements, 
sponsored by National Bureau of 
Standards and IRE, National Bu- 
reau of Standards Laboratories, 
Boulder, Colo. June 22-24 


Institute of Radio Engineers, Fourth 
National Convention on Military 


Electronics, Sheraton-Park Hotel, 
Washington, D. C. June 27-29 


International Federation of Automatic 
Control, First Intemational Con- 
gress on Automatic Control, Mos- 
cow, U.S.S.R. June 27-July 6 


JULY 


Seventh Annual Symposium on Com- 
puters and Data Processing, Denver 
Research Institute of University of 
Denver, Stanley Hotel, Estes Park, 
Colo. July 28-29 


AUGUST 


Fourth National Heat Transfer Con- 
ference and Exhibit, sponsored by 
AlChe and ASME, Statler Hotel, 
Buffalo, N. Y. Aug. 14-17 


Western Electronic Show and Con- 
vention (WESCON), Ambassador 
Hotel and Memorial Sports Arena, 
Los Angeles, Calif. Aug. 23-26 





FROM 
SERVONIC... 


A complete line of 
Transducers for 
Rugged Applications 


mt ose H—High Pressure 


Transducers: For highly accurate 
measurement of pressure in corrosive 
fluids while exposed to extreme en- 
vironments, Sealed, oil-filled cases 
available in most models. 400 to 
8,000 psi. Vibrations to 30g. Various 
case configurations readily available, 
Write for Bulletin $1-581. 


Model H-90 


Model G-76 


Model L-44 


Ss Model G—Rectilinear 


Potentiometers: For measuring dis- 
placement of missile and aircraft. 
actuators. Can be mounted internally 
or externally. Vibration levels to 35g. 
Ranges from 1/8” to 12”. Critical 
elements of this high performance 
potentiometer are humidity sealed 
within a high-strength alloy case. 


_ Model L —Low Pressure 


Transducers: Rugged, high response 
instrument. Pressure actuated, corro- 
sion resistant aneroid elements oper- 
ate precision potentiometer. Switching 
function can be accomplished in lieu 
of potentiometer output. Working 
fluids excluded from sealed oil-filled 
case. Send for Bulletin $1-582, 


Specia/ designs to 
your specifications. 


SSERVONIC 
INSTRUMENTS, INC. 
640 Terminal Way, Costa Mesa, California 
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WHAT’S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make | 


important reference-type editorial material available to 


ContTROL ENGINEERING readers in convenient filable form. | 


Some reprints are individual articles, while others are “‘pack- 
ages’’—several articles published over a period of time that 
logically supplement one another in the coverage of a specific 
phase of the control field. Any reprint can be obtained at 
the nominal cost listed below by filling in the order form and 
sending it, together with remittance, to Readers Service 
Dept. Quantity rates will be quoted on request. 


Six Transducers for Precision Position 
Measurement, May 1960, 6 pp. Explains 
operation and gives practical application 
hints for six precision position transduc 
ers: pin-and-pawl mechanism, magnetic 
bench-mark system, vesolver-type trans 
ducer, electrostatic transducer, coded-disc 
devices, and diffraction gratings. 30 cents. 

Ready Reference Data Files—1, I, HI, 
76 pp. The feature here is a special rate 
for those who purchase all of the Data 
Files published in Controt ENGINEERING 


through April 1960. The 36 articles in- 
cluded in this package cover analysis, 
design, and application short-cuts for all 
phases of the control field. Everyone can 
use this timeless reference material. $1.35. 
Ready Reference Data Files—III, 28 pp. 
Includes the third dozen Data Files pub- 
lished in Conrrot ENGINEERING. ‘Topics 
range from control of metal properties 
with eddy currents to electrically signaled 
valve actuators to stabilization of sampled 

data systems. 60 cents. 
Continued on page 209 





Reprint Order Form 








Reprint 


Unit price No. ordered Subtotal 








Precision Position Transducers 
Ready Reference Data Files—I, I] & III 
Ready Reference Data File—III 
Ready Reference Data File—II 
Ready Reference Data File—I 
Specifying Instrument Accuracy 
Servo Compensator Template 
How to Use the Root Locus 
Complete Analysis Instrumentation 
Analysis Instrumentation—III 
Analysis Instrumentation—II 
Analysis Instrumentation—I 
Fundamentals of Multivibrators 
Control System Test Equipment 


A New Way to Select Control Valves 
Fundamentals of Tie-Motor Control 
How to Use Phase Plane Techniques 
Economics in Control 


Servo Design Techniques 
Flowmeters 

Applying Control Timers 
Control System Reliability 
Servo Modulators 


Basic Data on Process Control 
How to Simulate Dead Time 
Power Amplifiers 

Static Switching Devices 


Ac Adjustable-Speed Drives............ 


The Uses of Digital Computers......... 


$0.30 
$1.35 
$0.60 
$0.50 
$0.50 
$0.40 
$0.75 
$0.45 
$1.75 
$0.90 
$0.60 
$0.60 
$0.50 
$0.60 


pasate $0.50 


$0.50 
$030 
$0.50 
$0.50 
$0.30 
$0.65 
$0.50 
$0.50 
$0.20 
$0.65 


iaiceige $3.00 


$0.50 
$0.15 
$0.50 
$0.50 





330 W. 42 St., New York 36, N. Y. 





Readers Service Dept., Conrro: ENGINEERING 








Now 2to3 © 
week delivery. 
on popular: 
BUORD items... 


te, and in production quantities! 


Se 


Mark 7 Mod 0 
Mark 7 Mod 1........ 
Mark 12 Mod 0 

Mark 12 Mod 1 

Mark 16 Mod 1 

Mark 16 Mod 3 


Size 15 Servo Motor 

.Size 15 Servo Motor 
Size 15 Motor Generator 
Size 15 Motor Generator 
Size 18 Motor Generator 
Size 18 Motor Generator 
(For transistor circuits) 


The addition of our second factory 
means delivery in six to twelve weeks 
on many other G-M Servo Motors 
and Motor Generators as well; sizes 
8 to 18, including other BuOrd items. 


*Now Bureau of Naval Weapons 


Ask also for 

full information; 

G-M Recommended 
Specification No. 665 
and Catalog. 


GM, 


(-M Servo Motors 


4340 N. Knox Avenue + Chicago 4! 
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REPRINTS cont’d 





Ready Reference Data Files—II, 24 pp. 
Includes the second dozen data files pub- 
lished in Control Engineering. Topics 
covered range from analyzing hydraulic 
servos graphically to using silicon diodes as 
protective devices. 50 cents. 

Ready Reference Data Files—I, 24 pp. A 
must for every contro] engineer’s library. 
Includes the first 12 data files published in 
ConTROL ENGINEERING—a diversity of 
topics, from system reliability through the 
cost of industrial temperature-measuring 
systems. Each one gives a method of solv- 
ing a particular problem, 50 cents. 

How to Specify Instrument Accuracy, 
8 pp. This basic reprint is aimed at help- 
ing the user and maker to develop clear 
and mutual agreement on allowable in- 
strument errors. Discussions of uncer- 
tainties of zero, scale factor, and instan- 
taneous slope aid in the intelligent speci- 
fication of allowable errors and preferred 
test procedures. 40 cents. 

Transparent Template for Designing 
Servo Compensators, November 1959, 3 
pp. plus template. Includes transparent 
decibel vs phase angle template on clear 
acetate in addition to three-page Data File 
outlining development of template and 
showing its use through sample problem. 
75 cents. 

How to Use the Root Locus in Control 
System Design, 12 pp. Another reprint 
that translates theory into practice. Eight 
simple rules make locus construction 
easy, even including the effects of dis- 
tance-velocity lags. Articles show how 
to interpret the locus diagram, how to 
determine transient response, and how 
to use locus techniques with multiloop 
systems. 45 cents. 

Complete Analysis Instrumentation 
Series, 112 pp. Special rate for those 
who order all three parts (I, II, and III) 
of Analysis Instrumentation Series; 17 per- 
cent discount on 112 pages of timely 
technical information for process control 
engineers. $1.75. 

Analysis Instrumentation—III—Electro- 
chemical Methods, Mass Spectrometry, 
Continuous Viscometers, X-Ray Tech- 
niques, K-Capture, Physical and Chemical 
Property Testers, Emission Spectroscopy, 
48 pp. Reprint includes last nine articles 
of Analysis Instrumentation Series. $.90. 

Analysis Instrumentation — II — Refrac- 
tometers, Infrared Analyzers, Photometric 
Analyzers, Colorimetry, 32 pp. This in- 
cludes the second group of four articles 
of the Analysis Series. 60 cents. 

Analysis Instrumentation — I — Nuclear 
Magnetic Resonance, Chromatography, 
Radioactivity, 32 pp. Reprint consists 
of first 4 articles of Analysis Instrumenta- 
tion Series: a general introduction and 
detailed discussions of the three analysis 
techniques. Emphasis is on basic princi- 
ples, practical tips, and the use of these 
techniques in automatic process control. 
60 cents. 

Fundamentals of Multivibrators, 12 pp. 
Multivibrators are the electronic equiva- 
lent of the double-throw electromechani- 
cal relay and can perform substantially the 
same functions (memory, logic, gating, 
counting), but at enormously higher speeds. 

Continued on page 210 
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TEST RELAYS FASTER, MORE ACCURATELY, WITH EECo’s ALL-NEW 


RELAY 
TESTER 


Where knowledge of relay performance is 
important to your operations, here’s one 
of the most valuable aids ever devised. 


It’s EECo’s Model RT-905, latest im- 
provement on the most successful line 
of relay testers ever made available, 


Measures voltage and current simultane- 
ously, both pull-in and drop-out. Measures contact resistance, coil resistance, 
insulation resistance, pull-in and drop-out time, contact bounce. Automatic 
relay driving circuitry. Oscilloscope connections and appropriate circuitry. 


Write for data sheet, and turn over your relay troubles to an EECo RT-905. 


Anaheim Electronics Division 


Electronic Engineering Company of California 
1601 East Chestnut Ave.+ Santa Ana, Calif.+ KI mberly 7-5501 « TWX: S ANA 5263 


EE O-9 


CIRCLE 231 ON READER SERVICE CARD 


DIGITAL. 
PROCESSORS 


Our Tactical Systems Laboratory applies advanced techniques 
to the design and development of airborne and ground-based 
digital data processing systems. If you have at least 2 years of 
design, system integration, testing or production experience in 
digital systems, your talents may find application in the solution 
of our technical problems. Write to Mr. S. L. Hirsch. 





LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 

















EE! 


PUC 
MASTER 
oN \Keye 
#9) 


Lists over 12,000 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK! 


GEARS * SHAFTS* COLLARS CLUTCHES « 
BEARINGS * COUPLINGS « DIFFERENTIALS 
«SPEED REDUCERS and many other Pre- 
cision Engineered Parts 

& Components, 

Send For Your 

Copy Today. 


PIC DESIGN CORP. 


Subsidiery ot BENRUS WATCH COMPANY, Inc. 


477 Atlantic Ave., East Rockaway, Ll. NY 
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TAURUS 
PUNCHED 
CARD 
SENSORS 


Reads Entire 
Punched Card 
Statically 


Simple Switching Using 
Standard Punched Cards 


Taurus Punched Card Sensors statically 
read entire standard |.B.M. or Remington 
Rand punched cards. 

Each hole position has a corresponding 
closed switch, and each unpunched hole 
position has a corresponding open 
switch when the Sensor is actuated. 
Used for Automatic Test Equipment and 
other automation devices. 

Taurus also produces a complete line of 
Standoff and Feedthru Terminals insu- 
lated with Teflon*. 


Write for FREE Descriptive Literature 


6 TAURUS Corporation 


8 CORVELL STREET 
LAMBERTVILLE, N.3. 
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“REG. T.m. OF E. 1, DUPONT 


CONTROL ENGINEERS 


RW-300 COMPUTER SYSTEMS 
FOR PROCESS CONTROL 


The Thompson-Ramo-Wooldridge Products Company is 
seeking electrical or mechanical engineers with training or 
experience in feedback control system analysis, analog 

or digital computers, and instrumentation. Staff members 
at TRW Products work in small teams designing and 
evaluating RW-300 computer control systems for the 
process industries. Experience in the petroleum refining, 
chemical, steel, or electric power industries is particularly 
desirable. Applicants with advanced degrees are 
preferred. Those interested are invited to write: 


Dr. Thomas M. Stout, Process Analysis Department Manager 


THE THOMPSON -RAMO-WOOLDRIDGE 
PRODUCTS COMPANY 


a division of Thompson Ramo Wooldridge Inc. 


202 North Canon Drive - Beverly Hills, California 





REPRINTS cont’d 


They can be built around vacuum tubes, 
transistors, square-loop magnetic materials, 
neon tubes, thyratrons, and cryotrons. This 
reprint covers a broad selection of multivi- 
brator circuits. 45 cents. 

A Roundup of Control System Test 
Equipment, 24 pp. Specialized control 
system test equipment divides into three 
classes: 1) devices that only generate a test 
signal, 2) systems that both disturb the 
system and provide a means for evaluating 
response, and 3) devices that only evaluate 
control system response. 60 cents. 

Survey of Ac Adjustable-‘Speed Drive 
Systems, June 1959, 16 pp. Regarded 
as constant-speed devices, multispeed ac 
actuators actually take many efficient 
forms. The recent resurgence of interest 
in these ac adjustable-speed systems 
prompted this comprehensive coverage 
of pole-changing techniques, armature 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec- 
tion, and the use of eddy-current couplings. 
50 cents. 

A New Way to Select the Best Control 
Valve, 16 pp. This three-article reprint 
takes a fresh look at the problem of spec- 
ifying process flow control valves. The 
author gives rules for selecting the right 
valve characteristics based on static and dy- 
namic considerations, takes into account 
the influence of piping on valve perform- 
ance, and tackles the problem of sizing 
valves for maximum flow and for control 
rangeability. 50 cents. 

Fundamentals of Tie-Motor Control, 12 
pp. Although high-powered  synchro-tie 
systems have been around for a long time, 
only recently has enough experience been 
logged to put their design on a scientific, 
rather than cut-and-try, basis. This reprint 
examines the types of motors that can 
be used in the light of the application 
characteristics, and considers the special 
circuit designs that are required. 30 cents. 

Applying Phase-Plane Techniques to 
Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 
the use of phase-plane techniques to work- 
ing system designers, on a practical rather 
than theoretical basis. It tells how to 
construct a phase-plane plot, interpret a 
pilot in terms of system performance, and 
synthesize nonlinear systems using phase- 
plane techniques. 50 cents. 

Economics in Control, December 1958, 
24 pp. A special report covering the eco- 
nomic aspects of modernizing with control 
systems. It starts off with a guide to the 
financial factors of modernization, then 
tells the control engineer how to spot 
opportunities where the addition of in- 
strumentation and control equipment will 
earn money, and concludes with nine case 
histories showing specific benefits of mod- 
ernizing with control systems. 50 cents. 

Static Switching Devices—New Tools 
for Industrial Control, May 1957, 28 pp. 
An independent consultant analyzes the 
complete field of industrial static-switch 
ing systems. Starting off with a review of 
basic switching logic, he covers circuit 
characteristics of the fundamental devices, 
commercially-available systems, actual ap- 
plications, etc. 50 cents. 

Continued on page 211 
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RELAYS wi vith 
Golden 
Performance... 





PRINTED 
CIRCUIT TYPE 


OPEN TYPE 


Because each contact face is gold 
flashed you'll never have a corro- 
sion problem with our Series MK 
General Purpose Relays. This 
gives them extended shelf life. 


Furthermore, MK coils, custom 
made in our own plant are the 
finest available and set the stand- 
ard for the industry. 


Each MK Plug-in Relay is punch- 
card inspected and every relay is 
performance tested (150 times) 
before shipment. 


All this means reliability in every 
sense of the word. Write today 
for our new catalog containing 
our complete line of relays. 
Mailed free on request. 


SERIES MK SPECIFICATIONS INCLUDE: 

Up to 3 PDT in all types 

Coil Resistance to 20K ohms/DC 

Temperature ranges 45°C to 84°C (DC) 
45°C to 55°C (AC) 

Color-coded housings for plug-ins. 
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LINE ELECTRIC COMPANY 
241 RIVER STREET 
ORANGE, NEW JERSEY 
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REPRINTS cont’d 


How to Calculate a Control Earning In- 
dex, 12 pp. Shows a four-step method for 
predicting the increment of improved plant 
economy resulting from the addition of in- 
struments and controls, and reports on ex- 
perience in applying this method to three 
typical industrial processes. 30 cents. 

Servo Design arta 32 pp. A re- 
print of six related articles describing vari- 
ous electromechanical servo design tech- 
niques. Items include tachometer limiting, 
force-reflecting servos, calculating perform- 
ance of drag-cup tachs, dual-mode servo 
compensation, applying packaged servo ac- 
tuators, and cascading resolvers without 
amplifiers. 65 cents. 

What’s Available in Flowmeters, 24 pp. 
A comprehensive coverage of positive dis- 
placement, velocity, and mass flowmeters, 
including characteristics, applications, and 
typical manufacturers; plus details of a 
special drag disc meter. 50 cents. 

Pane: and Applying Control Timers, 

compilation of four articles 
incl ding a tabular description of timer 
functional parts, criteria for selecting and 
applying contro] timers, a tabular listing 
of available timer types and their charac- 
teristics, and techniques for custom-design- 
ing controls for time-based routines. 50 
cents. 

What the Control Engineer Should 
Know About Reliability, April 1958, 8 pp. 
Not intended as a comprehensive treatise, 
but rather as a guide to aim the control 
engineer in the right direction, this staff- 
written article discusses the new concept 
of systems effectiveness, and briefly covers 
techniques for measuring reliability, pre- 
dicting reliability, improving reliability, 
and costing reliability. Up to date refer- 
ence sources increase the value. 20 cents. 

Servo Modulators—Their Application, 
Characteristics, and Availability, 36 pp. A 
group of four integrated articles covering 
all phases of electromechanical, electronic, 
solid-state, and magnetic modulators. 
Typical circuit diagrams, characteristics, 
and applications are given for each type, 
plus an 84-item bibliography and tables 
listing commercial units. 65 cents. 

Basic Data on Process Control, 24 pp. 
A grouping of five articles on flow- — 
control, including Basic Concepts of Feed- 
back Control, Selecting Loops for Critical 
Control, Direct or Reverse Controller 
Actions, Modifying Valve Characteristics 
to Fit the Process, and Using Capacitance 
for Accurate Level Measurement. 50 cents. 

How to Simulate Dead Time, 6 pp. 
Three tricky techniques for simulating 
dead time or transport lag. One’s elec- 
tronic, another is pneumatic mechanical, 
and the third uses magnetic tape. A use- 
ful reference for control engineers con- 
cerned with process simulation. 15 cents. 

Transistor and Thyratron Power Ampli- 
fiers, 28 pp. These three articles—one on 
transistors and two on thyratrons—were 
prompted by the increasing control p- 
— of transistors at low-power ampli 

ers and thyratrons as high-power ampli- 
fiers. In each case the emphasis is on 
practical application, circuit design, system 
stabilization, etc. 50 cents. 














This new Signal Converter makes 
any kind of pneumatic transmit- 
ter directly compatible with any 
standard receiver. You can use it 
with differential-pressure flow- 
meters, flume-type meters, wiers, 
or what-have-you, and get a 
neatly linear 3-15 psi signal suit- 
able for all manner of readout 
and control instrumentation. The 
unit has a high enough output 
capacity (over 3 SCFM) to doa 
good job without additional am- 
plifying relays and is, in fact, 
generally simpler than other com- 
parable converters. It will work 
properly in any ambient from 30° 
to 150°F., indoors or out, and 
without pampering from the 
maintenance men. Model 850 is 
its catalog name; you can get more 
information by requesting Design 
Specification Sheet DS-850. 
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Checklist for Progress, 
Yours and Ours 





GROWTH—in General Electric’s process instrumentation 
program, closely tied to growing field of industrial automa- 
tion and related technologies. 





PRODUCT DIVERSITY—work on wide range of products for 
continuing needs of many industries for complex sensors, 
controllers. recorders, other electronic devices and systems. 





CREATIVE DIVERSITY—development of fundamentally new 
primary detectors, including means for sensing pressure 
and flow, requires new technologies. Basic broad nature of 
measurements closely related to industrial growth. 














CRITICAL POSITIONS—opportunities to make significant con- 
tributions and receive high-level recognition in important 
project vital to General Electric objectives. 


IMMEDIATE OPPORTUNITIES 


TRANSISTOR CIRCUIT 


ENGINEERS —. develop and design millivolts to milli- 
amps transducers for low level signals (e.g. thermocouple out- 
put), servo amplifiers for recorders, function generators for 
controllers, etc., B.S. in E.E., with experience im transistor 
circuitry and preferably industrial instrumentation. 


EVALUATION ENGINEERS io establish and conduct 


process instrumentation component and systems evaluation 
program. Determine data, specify facilities, establish pro- 
cedures, analyze and interpret data, recommend product speci- 
fications. B.S. in E.E., experience in design and application of 
transducers, controllers, recorders. 


MECHANICAL ENGINEERS_-+.; design of trans- 
mitters involving diaphragms, bellows, Bourdon tubes. B.S. 
in M.E., 5 years in design of differential pressure and flow 
detectors. 


RECORDER DESIGN 

ENGINEERS—to establish specifications for elec- 
tronic amplifiers, apply latest miniaturization tech- 
niques, assure adequacy of overall system perform- 
ance (accuracy and speed of response). B.S. in E.E., 
with experience in design of process instrumentation 
recorders or similar electro-mechanical, servo-oper- 
ated instrumentation equipment. 


For Further Information .. . 


please write in confidence to: Mr. H. E. Crabtree, Manager, 
Engineering Administration, 


INSTRUMENT DEPARTMENT 
GENERAL @ ELECTRIC 


42 Federal Street, West Lynn 3, Mass. 


Progress /s Our Most /mportant Product 





EMPLOY MENT 
OPPORTUNITIES 


NATIONAL 
COVERAGE 


The advertisements in this section include all 
employment opportunities — executive man- 
agement, technical, selling, office, skilled, 
manual, etc. 


— RATES — 


DISPLAYED: The advertising rate is 
$23.80 per inch for all advertising ap 
pearing on other than a contract basis 
Contract rates quoted on request 

An advertising inch is measured %” ver- 
tically on a column—3 columns—30 
inches to a page 

Subject to Agency Commission 

UNDISPLAYED: $2.10 per line, minimum 
3 lines. To figure advance payment 
count 5 average words as a line. 

Box numbers—count as 1 line. 

Discount of 10% if full payment is made 
in advance for 4 consecutive insertions 

Not subject to Agency Commission. 


Send New Ads on Control Engineering 
Class. Adv., P. O. Box 12, N. Y. 36, N. Y. 








Control Systems 
$14,000—up 


Design and solving engineering problems involving 
analysis and research of electronics and infra-red 
control systems, devices and general electronic sys- 
tems. Aggressive expanding company. 
Vacationiand. Free 
MONARCH PERSONNEL 
28 East Jackson Wa 2-9400 Chicago 4, Ill. 








STAFFING NEW PLANT 
SALARIES TO $20,000 PER YEAR 
Engineers with background in data processing, 
having worked on computers, systems design, sys 
tems analysis or systems programing. Urgent need 
from graduate engineer to department manager. 
Company client will assume all employment ex- 

penses. Contact in confidence. 
ESQUIRE PERSONNEL 
202 South State Street Chicago 4, Illinois 














ELECTRONICS 
ENGINEER 


® To be key member of small 
integrated group. 


© Interesting, challenging op- 
portunity in Research and 
Development problems of an 
Industrial nature. 


Duties include preliminary analy- 
sis, design and development of 
experimental equipment and the 
design and testing of prototypes. 
Working knowledge of automatic 
controls for industrial machinery, 
high voltage rectifier equipment or 
high voltage gaseous discharges 
desirable. Some design and devel- 
opment experience required. 
Send resume to H. W. Buswell, 
Employment Supervisor, Koppers 
Company, Inc., Metal Products 
Division, P.O. Box 298, Baltimore 
3, Maryland. 
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Opportunities in manufacturing engineering 


In the time it takes you to read this sentence, the 
Programmed Component Inserter can select, posi- 
tion, insert, and then clinch four or five different 
electronic components onto a printed circuit board. 
This system makes possible low-cost assembly of 
pluggable logic units for computer applications. 


How the system works—Assembly instructions 
are given to the Inserter by a Cardatype® reader 
which senses the system’s punched card input. It 
then locates the correct position on the board, 
selects the right component, and inserts and 
clinches it. The complete cycle takes 1.2 seconds. 
A single IBM card can be used to guide the assem- 
bly of any number of printed circuits—from ten units 
to ten thousand units. What's more, job changeover 
is extremely rapid because the Inserter can store 20 
different types of components. At the push of a but- 
ton, a new punched card is fed into position on the 
Cardatype reader and, in a matter of seconds, the 
Inserter is set up to tackle a new assembly, 


Programmed Component Inserter developed by IBM engineers working in manufacturing researc... 


Engineering complete assembly cycles down to 1.2 seconds 


Delivering high volume and efficiency—The 
Programmed Component Inserter was developed 
by IBM engineers to meet the need for high-vol- 
ume, high-efficiency production of electronic com- 
ponents. To work in this activity an engineer must 
have unusual professional ability. A project like this 
requires the services of many types of engineers 
Electrical and Mechanical Development Engineers, 
Test Engineers, Quality Engineers—each man 
making a significant contribution. It also takes the 
abilities of Chemists and Physicists—men who can 
formulate advanced manufacturing processes. 

If you would like more information about the unique 
opportunities open to engineers and scientists in 
IBM Manufacturing, write, outlining your backe 
ground and experience, to: 
Mr. J. P. Fernandez 

IBM Corporation, Dept. 541 Q 
Monterey & Cottle Rds. 

San Jose 14, California 


IBM: 


INTERNATIONAL BUSINESS MACHINES CORPORATION 
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Nr. Engineer... 
Retain your identity at 


© Systems Division in 


’ 
Beckman 5 @ Orange County California 


Here’s your chance to be a big fish ina small pond ... not that our 
Systems Division is too small... it’s just that we’re not so large and 
over organized that the individual and his efforts are submerged in 
a mass of humanity and a welter of paper work. 


Our business is the design, development, and. manufacture of pro- 
prietary electronic data processing and data acquisition system 
research and development study projects pertaining to satellite pro- 
grams ... varied engineering design projects and other activities 
with both military and commercial signficance. 


There’s ample elbow room for the non-organzation man in any one 
of the following professional areas: 


Logic Design Systems Design 
Analog Design Systems Engineering Digital Design 
Project Management Project Engineering 
Electronic Design Systems Evaluation and Modularization 
Field Engineering Applications Engineering 


If you'd like to receive information about us, we suggest you write to 
our Mr. J. W. Carlton enclosing a brief description of your background. 


Instruments, Inc., Systems Division 


Beckman 325 North Muller, Anaheim 9, Calif. 


(25 miles south of Lowe Angeles, near the Pacific 
Coast) 


BECKMAN INSTRUMENTS, INC Electronic Components, Instruments, Systems for Analysis, 
Measurement, Counting and Control Executive Offices: Fullerton, Calif. Divisions: Berkeley @ 
Helipot @ International @ Scientific & Process Instruments @ Spinco @ Systema. Subsidiaries: Shockley 
Transistor Corp. Beckman G.m.b.H., Germany. Beckman Instruments, Ltd., Scotland 


OPPORTUNITIES 
FOR THE YOUNG ENGINEER 
IN THE 
INSTRUMENTATION FIELD 


Opportunity for young men with 1 to 4 years 
experience in a plant instrument department. 


Assume systems engineering responsibilities 
working on all types of plants—chemical, 
refinery, pulp and paper, beverage, steel, 
power, etc. Follow projects through the feasi- 
bility study, flow sheet stage, design and 
specification, procurement and installation. 


Work with an engineering staff that is con- 
stantly exploring new instrumentation con- 
cepts in the process and power field. Associate 
with a staff of instrument and control engi- 
neers, and data handling and computing 
experts. 

We offer top salaries, suburban Chicago loca- 
tion, recognition of your achievements and 
other benefits. For interview send resume to 
Mr. W. A. Wecker, Personnel Director. 


PANELLIT SERVICE CORPORATION 
7401 N. Hamlin Avenue 
Skokie, Illinois 














POSITION VACANT 


Nuclear Instrumentation (or related) experi- 


ence plus articulateness and a desire for a 
broad view of technical development in the 
nuclear field can be converted into an excit- 


| ing career as an editor on the staff of Nucle- 


onics magazine, a McGraw-Hill Publication. 
Send complete resume, salary requirements 


| to The Editor, Nucleonics Magazine, 330 W. 
| 42 St., New York 36, N. Y. 





the specially: ELECTRONICS 
the field: HELICOPTERS 
the openings: AVIONICS INSTRUCTORS 


“Put Yourself in the 
Other Fellow’s Place” 





FIELD SERVICE REPRESENTATIVES || *° EMPLOYERS 


World’s foremost designer and builder of helicopters now has TO EMPLOYEES 
openings for two types of specialists in the field of electronics. 


AVIONICS INSTRUCTORS—Good opportunity for ad- Letters, written offering Employment or apply- 
vancement available to men with a minimum of four ing for same are written with the hope of 
years’ experience in electronics and aircraft mainte- | | Setistying @ current need. Am enewer, regerd 
nance. Teaching background or a sincere desire to i ee oe Sy eee ee 
rs a | usually expected. 

teach is essential. 

Positions entail instruction of commercial and military customers in helicopter MR. EMPLOYER, won't you ee the mystery 
stabilization systems, Doppler radar, sonar, servomechanisms and electrical systems. about the status of an employee's application 


Of paramount importance is a thorough understanding of flight controls, hydraulics, by acknowledging all applicants and not just 
mechanics and electronics. the promising candidat 


Occasional travel is required of men in these positions. a 


MR. EMPLOY = 

ELECTRONIC FIELD SERVICE REPRESENTATIVES— so cee en ee a ee 
U aie tan tin h f ith ad edging applications and job offers. This wou 

nusudily eresting career here tor men wi aa- encourage more companies to answer position 
vanced electronics training and experience. wanted ads in this section. 
Previous helicopter experience desired but not essential. We make this suggestion in a _ spirit of 
Assignments require the ability to maintain and trouble-shoot all weather flight i 
instrumentation and related systems. Maintenance requirements necessitate the rst es ee, Ne: ee 
ability to repair electronic discrepancies to the smallest repairable item and use ——— 
of all types of electronic test equipment. 











This section will be the more useful to all as 
If you feel you qualify fully for either type of position outlined —- o 


above, please send your resume to Mr. James L. Purtield. 
Classified Advertising Division 


SIKORSKY AIRCRAFT MCGRAW-HILL PUBLISHING CO., INC. 


One of the Divisions of United Aircraft Corporation 330 West 42nd St., New York 36, N. Y. 
STRATFORD CONNECTICUT 
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ADVERTISING 


AGA Div. Elastic Stop Nut Corp. of 
America 

AMP Incorporated 

Abrams Instrument Corporation... . 

Allen-Bradley Co. ......... Fourth Cover 

Allied Control Company, Inc 

American Bosch Arma Corporation. . 

American Engineering Company... . 

Amphenol-Borg Electronics Corpora- 
tion Connector Division 

Anelex Corporation 

Assembly Products, Inc 

Automatic Electric 

Autonetics, a Division of North 
American Aviation, Inc 


Bailey Meter Company 
Baldwin-Lima-Hamilton ......... 
Beckman, Berkeley Division. ...... . 
Beckman, Scientific & Process In- 

SRE FI os eran dshw nes 1 
Bendix Aviation Corporation 

Computer Division 

Red Bank Division 

Scintilla Division 
OE SE x ss. oo ee one Sees 
Brooks Rotameter Company. . 
Brush Instruments 
Bryant Computer Products Division. 178 
Budd Company, The 1 


Clare & Co., C. 
Clarostat Mfg. Co., Inc 
Cleveland Worm & Gear Division, 
Eaton Manufacturing Company... 73 
Clifton Precision Products Co., Inc.. 41 
Comar Electric 30 
Computer-Measurements Company.. 116 
117 
Computer Systems, Inc 92 
Conoflow Corporation 195 
Control Data Corporation 138 
Control Division, Magnetics Inc... 167 
Counter and Control Corporation.. 206 
Crawford Company, C. B 


Daven Co., The 

Daystrom, Inc., Pacific Division 
Daystrom, Transicoil Div 

Delavan Manufacturing Company. . 
Donner Scientific Company 

Dymec Division of Hewlett-Packard 


Eagle Signal Company 

Eastern Air Devices, Inc 

Edcliff Instruments 

Edison Industries, Thomas A 
Electso-Mieom €omm: .......02.+.. 
Electro Switch Corp 

Electronic Associates, Inc 

Electronic Engineering Co. of Cali- 


IN THIS ISSUE 


Elgin National Watch Company... 198 
Epsco-West 2 
Erie Pacific Div. Erie Resistor Corp. 44 
Esterbrook Pen Company, The 


Fenwal Incorporated 

Foxboro Company, The. ... 

Friden, Inc. 

Futurecraft Distribution Corporation. 205 


G-M Servo Motors 
GPS Instrument Co. Inc 
Garrett Corporation, The 
AiResearch Manufacturing Div... 204 
General Electric Co. 
Semiconductor Products Dept. .94, 95 
General Kinetics Corp 
General Radio Company 
Gordos Corporation 
Graphic Controls Corporation 
Gurley, W. & L. E 


Hart Manufacturing Company, The. 

Hays Corporation, The 

Hewlett-Packard Company 

Holtzer-Cabot Motor Div., National 
Pneumatic Co., Inc 


Industrial Electronic Engineers, Inc. 205 

Industrial Timer Corporation 86 

Information Systems Incorporated.16, 17 

International Business Machines Cor- 
poration 

International Resistance Company.. 53 


Kearfott Div. General Precision Inc. 124 
King Engineering Corporation 

Kintel, Div. Cohu Electronics, Inc.. 14 
Krohn Hite Corporation 


Lambda Electronics Corp 

Leeds & Northrup Co 

Librascope, div. of General Precision, 
re eee Second Cover 

Line Electric Company 

Litton Industries 

Ludlow Papers 


MB Electronics 
Martin, Denver Division 
McGraw-Hill Book Co., Inc 
Minneapolis-Honeywell 
Boston Division 
Heiland Division 
Machine Controls Division 
Minnesota Mining and Manufacturing 
Company 
Moog ocontrols, Inc 
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P-K PAUL 
CONTROL VALVES 
OFFER 


PRECISION 
CONTROL 


OF LESS THAN 1% 
OF MAXIMUM FLOW 


RANGEABILITY 
COMPARISON 
CHART 


Rangeability — Ratio 

of Maximum Flow 

(Cv) To Minimum 

Controllable Fiow 
50:1 


a q 
30:1 


7 


P-K Paul Valves 


15:1 
oiled 





A—Globe Valves, V-Port Plug 
B—Globe Valves, Contoured Plug 
C—Butterfly Valves 


Higher Flow Capacity 
Positive Shut-Off 
Non-Turbulent Flow 
Low Operating Thrust 
Self-Purging 
Resistant to Erosion 
and Abrasion 


Write today for 
Technical Catalogue GV101 





197 SOUTH VAN BRUNT STREET 


ENGLEWOOD, NEW JERSEY 
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Specify the Finest 
Digital Voltmeter Made 


-] 
; 


NLS SERIES 20... When the combi- 
nation of reliability, speed and accur- 
acy is of uncompromising importance 
— you can’t afford to gamble on 
“second best” digital measuring equip- 
ment! NLS Series 20 instruments are 
field-proven in the most critical appli- 
cations — missile and electronic sys- 
tems checkout, automatic process 
monitoring, sophisticated laboratory 
research. Be sure—specify NLS Series 
20, the instruments selected by major 
missile manufacturers after thousands 


of hours of competitive life testing. 


Features: M24 measures DC voltage, voltage 
ratio or resistance in a third of a second, Vis 
measures DC voltage and voltage ratio at same 
speed . . . both instruments feature advanced 
transistoried circuitry and mercury-wetted relays 
with life in excess of 3 billion readings . . . 
+one digit accuracy on DC voltage and voltage 
ratio . . . completely automatic operation .. . 
plue- in modular construction . . . AC or low 
evel measurements with plug-in accessories . 

output connectors for continuous data logging. 
Ranges: DC voltage +.0001 to +999.9; DC 
voltage ratio to +.9999; resistance .1 ohm to 
1 megohm. M24, complete: $5,650.00. V24, com- 
plete: $4,950.00. Write today for complete data. 


Originator of the Digital Voltmeter 


non-linear systems inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 
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Monroe Calculating Machine Com- 
a re er ee ee 

Moseley Company, F. I 

Muirhead & Company, Lt’d 


National Acme Company, The. . .50, 51 
New Departure Division, General 
ere rr ere ll 
Non-Linear Systems, Inc.......... 216 
Norden, Ketay Department, division 
of United Aircraft Corp... . 
North Electric Company 


PIC Design Corp or 

Packard Bell Computer, subsid. Pz ack- 
ard Bell Electronics...........76, 

Philco Corp., Lansdale Division. .. . 

Plastic Capacitors, Inc 

Potter & Brumfield 

Precision Instrument Company 


Radio Corporation of America 
Distributor Products Sales... .176, 177 
Industrial Computer Systems. 160, 161 
Semiconductor and Materials Div. 66 
Ramo-Wooldridge Laboratories, The. 84 
Research Laboratories,” United Aitr- 
craft Corp. og 
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Rosemount Engineering Company.. 193 


Sanborn Company 
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eS er | 
Servonic Instruments, Inc 
Servospeed Div. Electro Devices, Inc. 203 
Sigma Instruments, Inc 189 
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a ere 60 
Sorensen & Company, Inc 
Space Technology Laboratories, Inc. 52 
Sprague Electric Company 
Stepper Motors Corporation 
Stevens Amold, Incorporated 
Stromberg-Carlson, div. of General 
Dynamics Corporation 
Struthers-Dunn, Inc. 
Superior Tube Company 
Swartwout Division, Crane Co 


Tally Register Corporation 
Taurus Corporation 
Taylor Instrument Companies. . .130, 131 
Technology Instrument Corporation 
Third Cover 
Tektronix, Inc. 152 
Telechrome Manufacturing Corp... 37 
Teletype Corporation 179 
Texas Instruments Incorporated.... 89 
Thermo Electric Co., 
Thompson-Ramo-Wooldridge _ Prod- 
ucts Company, The ot a. 
Tinsley Laboratories, Inc so ae 
Tung-Sol Electric Inc 173 


Union Switch & Signal, Div. of 
Westinghouse Air Brake Company 
Unistrut Products Company... ..32, 2 


Veeder Root 

Vickers Incorporated, div. of Sperry 
Rand Corporation 

Vickers Incorporated, Electric Prod- 
ucts Div. 

Victor Equipment Company 


Wallace & Tiernan Incorporated. . . 
Warner Electric Brake & Clutch Co. 
Western Design, div. of U. S. In- 
dustries, Inc. 

Westinghouse Air Brake Company. . 
Westronics, Inc. 

Wiancko Engineering Company... . 
Wurlitzer Company 
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District Managers 


ATLANTA 3: R. H. Powell, 1301 Rhodes-Haverty Bldg., JAckson 3-6951 

BOSTON 16: G. Stewart Baird Jr., 350 Park Square Bldg., HUbbard 2-7160 
CHICAGO 11: Milton J. Steinbraker, 520 N. Michigan Ave., MOhawk 4-5800 
CLEVELAND 13: John C. Mitchell, 55 Public Square, SUperior 1-7000 

DALLAS 1: James R. Pierce, Vaughan Bldg., 1712 Commerce St., Riverside 7-5117 


DENVER 2: John W. Patten, Tower Bldg., 


1700 Broadway, ALpine 5-2981 


HOUSTON 25: Gene Holland, 724 Prudential Bldg., JAckson 6-1281 

LOS ANGELES 17: Gene A. Fruhling, 1125 W. Sixth St., HUntley 2-5450 

NEW YORK 36: J. M. Morris, John B. Brennan, 500 Fifth Ave., OXford 5-5959 
PHILADELPHIA 3: William F. Buehl, Six Penn Center Plaza, LOcust 8-4330 
SAN FRANCISCO 4: W. C. Woolston, 68 Post St., DOuglas 9-4600- 

LONDON E.C. 4, ENGLAND: Malcolm Thiele, 95 Farrington St. 

FRANKFURT- MAIN, Germany: M. R. Zeynel, 85, Westendstrasse 
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Ti 
WELVE 


MINIPOT 


MPORTANT 


PCO5 


HOICES! 4 


RV% -S! 


RVO5-2 > TP%-SI 2) 
RVO9 


PRECISION TRIMMER POTENTIOMETERS by TIC are standard in twelve 
different styles and each in a wide range of resistance values. The extensive use of trimmers 
in such applications as airborne, shipborne and ground based military electronic 
equipment for navigation, flight control, fuel control, radio transmission 

and reception, telemetering, computers, fire control and many others demands 

reliability and stable operation under severe environmental conditions. 

TIC quality-control procedures and environmental testing assure the user 


of the ultimate in dependable trimmer potentiometers. 


TWELVE IMPORTANT CHOICES — six box type and 
six rotary type multiturn and single turn with wirewound 


a i or metallic film resistance elements, high temperature- 
PRECISION POTENTIOMETERS 
catalog of 


resistant construction, varied mounting methods, and 

the trimmers . ; : ‘ = , : 
: sizes ranging from micro-miniature to the size of a 
tllustrated 


-above write, quarter in diameter, permit the design engineer optimum 


wire 01 freedom to seleet the unit best suited to his application. 


CGkk 


Special designs Inay be readily accommodated by ‘TIC 


engineers. 


Subsidiaries: 
eee A Instrument Corp. of Calif. 
orth Hollywood, Calif. 
TECHNOLOGY INSTRUMENT CORPORATION oad no by 
Tucson Instrument Corp., Tucson, Ariz. 


Servotrol, Inc., Chicago, ill 
523 MAIN STREET, ACTON, MASS.  wtyleag 
CIRCLE 218 ON READER SERVICE CARD 








SPECIFICATIONS 


Telemetering Band 
(216—260 Mcps) 
Passband +0.300 Mcps 
Input Power....... 50 Watts max 
Insertion Loss in Passband........... <1.25 DB at 125°C 
£1.15 DB at room 
temperature 
VSWR in Passband £1.20 
Isolation between Adjacent Channels 
at 5 Mcps Spacing. 2>20 DB 
Temperature Range —65°C to +125°C 
Vibration For use in guided 
missiles; meets mili- 
tary vibration specs 
Other power levels and higher frequency 
ranges can also be provided. 








Triple Filter for 
“MINUTEMAN”’ Missile 


Telemetry System 


Allen-Bradley Triplexer is designed 
to permit three simultaneous telemetry 
signals through one antenna without 
mutual interference. 


These high-efficiency triple filters—employed in the 
Minuteman Test Program—enable three transmitters to 
send in-flight performance data simultaneously from a 
single antenna. Although extremely compact and light in 
weight, the Triplexer is ruggedly constructed to 
withstand shock and vibration—and it is gold plated to 
reflect high temperatures. This highly advanced 

filter system—developed and built by Allen-Bradley — 
illustrates their extensive experience in advanced 
electronic research, and capabilities in precision manu- 
facturing. Allen-Bradley scientists and engineers will 

be pleased to cooperate in solving your problems. 
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Allen-Bradley Co., 210 W. Greenfield Ave., Milwaukee 4, Wis. 











